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ABSTRACT
The Kootenay Arc of southeastern British Columbia marks 
the boundary of the North American craton and al1ochthonous 
Terrane I. A series of granitic plutons was emplaced in the 
Kootenay Arc in mid-Jurasslc time and in mid-Cretaceous time. 
These plutons possess mid-Jurassic, mid-Cretaceous and Eocene 
isotopic dates. A paleomagnetic study was done on about 333 
specimens from 40 sites in these plutons. Using two-tiered 
and population screening analysis, AF and thermal 
demagnetization isolated stable remanence components within 
each of the three groups of well-dated granitic plutons.
The mld-Jurassic specimens display a mid-Cretaceous 
overprint that is likely related to the burial and uplift 
associated with the mid-Jurasslc to Early Cretaceous 
collision of Terrane I against the North American craton.
The mid-Cretaceous bulk AF demagnetization results 
isolate a paleopole that Indicates about 62 +/- 20° of 
clockwise rotation and no significant translation. The 
second bulk thermal cleaning results isolate a paleopole that 
similarly indicates about 75 +/- 33° of clockwise rotation 
and about 7 +/- 21° of northerly translation. Both of these 
results probably reflect the tectonic movements associated 
with the formation of the Kootenay Arc.
The Eocene specimens isolate a paleopole position that 
indicates no significant rotation or translation. This
- v —
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result Indicates that the Kootenay Arc was tectonically 
stable by Eocene time.
- vi -
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1.0 INTRODUCTION
1.1 Introduction
The Kootenay Arc Is a northerly-trending arcuate 
structural zone located in the southern Canadian Cordillera. 
It is geologically Important because it probably marks the 
boundary of the North American craton and allochthonous 
Terrane I. A series of granitic plutons were emplaced in the 
Kootenay Arc in mld-Jurassic time and in mid-Cretaceous time. 
Geochronology studies by Archibald et al. (1983,1984) found 
that these plutons are mid-Jurasslc, mid-Cretaceous and 
Eocene in age. These plutons are Important because they 
provide a geological basis for studying the geotectonlc 
relationship between the craton and Terrane I.
The study area is located In the southern segment of the 
Kootenay Arc structural zone of southeastern British Columbia 
(Fig. 1.1). It is bounded by 49°00,N and 50°15’N latitudes 
and by 116°30'W and 117°15'W longitudes. The area Includes 
the city of Nelson and several adjacent towns.
Accessibility within the study area is provided by paved 
roads in the major valleys and by numerous gravel logging 
roads in the mountains. The logging roads require the use of 
a 4-wheel drive vehicle. The shoreline outcrops on Kootenay 
Lake are easily reached by boat.
This is the first paleomagnetlc study carried out in the 
Kootenay Arc area. Its purpose was to determine if the 
mid-Jurasslc, mid-Cretaceous and Eocene lsotoplc age dates 
reported by Archibald et al. (1983, 1984) in the southern
1
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3Kootenay Arc could be distinguished on the basis of remanence 
direction, and if the arc has been subjected to regional 
tectonic rotation.
1.2 Previous Work
1.2.1 Geological
The earliest geological work was done by G.M. Dawson who 
made a reconnaissance trip in 1889 down the Arrow Lakes and 
back up the Kootenay River and Kootenay Lake (Hoy, 1980). 
Regional 1:50,000 geological maps of the western and eastern 
halves of the Nelson map area were published by Rice (1941) 
and Little (1960) respectively. More detailed studies of 
portions of the study area were reported on by Fyles and 
Hewlett (1959), Fyles (1967), Crosby (1968), Reesor (1973), 
Glover and Price (1976), Hoy (1977, 1980), and Leclair (1982, 
1983, 1986).
1.2.2 Geochronology
Archibald et al. (1983, 1984) carried out an extensive 
study on the geochronology and thermal history of the Igneous 
and metamorphic rocks in the Kootenay Lake region. Their 
K-Ar and U-Pb zircon ages defined mld-Jurassic and 
mid-Cretaceous emplacement ages for the major igneous 
intrusions in the region. Before their work, radiometric 
ages In the Kootenay Lake region were limited to the northern 
part of the region. Most of this early work was done by the 
Geological Survey of Canada (Lowdon, 1961; Lowdon et aJ.,
1963; Leech et al., 1963). Their work indicated a Jurassic 
age for the Nelson Batholith and a Cretaceous age for some of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
4the surrounding Intrusions. These dates are considered 
unreliable bacause the argon analyses done on the micas were 
not corrected for contamination by atmospheric argon. 
Subsequent K-Ar biotite ages by Nguyen et a l . (1968) and K-Ar 
hornblende ages by Wanless et al. (1968a) substantiated a 
mld-Jurassic age (about 165 Ma) for the Nelson Batholith. 
Rb-Sr work by Duncan et al. (1979) suggested the possibility 
of a younger core phase in the Nelson Batholith (about 150 
Ma) .
K-Ar ages by Baadsgaard et al. (1961) and Rb-Sr work by 
Wanless et al. (1968b) suggested that most of the plutons in 
the neighbouring Purcell Anticlinorium to the east were 
emplaced in mid-Cretaceous time.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
2.0 GEOLOGY
2.1 Regional Geology
The study area is located in the southeastern corner of 
the Canadian portion of the North American Cordllleran 
Structural Province. The Canadian segment of the Cordillera 
is divisible into five physIographical1y distinct belts 
(Monger et al., 1982) (Fig. 2.1). From east to west they are 
the: Rocky Mountain Belt, Omineca Crystalline Belt, 
Intermontane Belt, Coast Plutonic Complex, and Insular Belt. 
These five physiographic subdivisions contain two major 
composite terranes, Terranes I and II (Fig. 2.1). Each 
terrane is composed of several smaller al1ochthonous 
subterranes that coalesced before the accretion of each 
terrane onto the western margin of the North American craton.
Terrane I, which lies mainly in the Intermontane Belt 
but which also extends into parts of the Omineca Crystalline 
Belt and Coast Plutonic Complex, is composed of the Eastern, 
Quesnellla, Cache Creek and Stlkinla subterranes.
Stratigraphic evidence suggests that these four al1ochthonous 
subterranes were amalgamated together by latest Trlasslc to 
earliest Jurassic time.
Terrane II, which lies mainly in the Insular Belt but 
which also extends into parts of the Coast Plutonic Complex, 
is composed of the Alexander and Wrangell la subterranes.
They were amalgamated together by Late Jurassic time.
Terrane I collided with the North American craton In 
Jurassic time, while Terrane II collided with Terrane I and
5
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Figure 2.1 Physiographic subdivisions and composite 
Terrane I of the Canadian Cordillera. The 
composite Terrane (I) of Monger et a l . (1982) 
is hachured. Ins. B = Insular Belt; CPC =
Coast Plutonic Complex; Int. B. = Intermontane 
Belt; OCB = Omineca Crystalline Belt; RMB = 
Rocky Mountain Belt.
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7the North American craton in Cretaceous time. In both 
instances, the collisions occurred with the North American 
Plate moving relatively westward into the Farallon Plate and 
were accompanied by subduction of Farallon seafloor crust.
As a result of these two collisions, the Rocky Mountain Belt 
was horizontally compressed and displaced toward the interior 
of the North American craton (Price, 1981). Also, two 
regional tectonic welts were created in the zones of crustal 
overlap and/or greatest crustal compression (Monger et al., 
1982). These two welts, the Omineca Crystalline Belt and the 
Coast Plutonic Complex, expose the metamorphlc and plutonic 
Infrastructure of the Cordillera. These two welts also 
separate three belts that are comprised of the suprastructure 
of unmetamorphosed and low-grade metamorphlc rocks in which 
is preserved much of the stratigraphlc record of the 
Cordillera (Monger et a2., 1982). These belts Include: (1)
Intermontane Belt which is the main component of Terrane I; 
(2) Insular Belt which is the main component of Terrane II; 
and, (3) Rocky Mountain Belt which consists mainly of the 
continental margin terrace wedge, perlcratonic platform cover 
and overlying molasse deposits of the foreland basin (Monger 
et al., 1982).
2.2 Geology of Study Area
2.2.1 Introduction
The study area straddles the Kootenay Arc of 
southeastern British Columbia. This arc is a northerly- 
trending arcuate structural zone which merges to the east
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
8with the Purcell Anticlinorium and on the west with the 
Omineca Crystalline Belt. The Omineca Crystalline Belt is 
composed of the Shuswap Complex and the Nelson and Kaniksu 
Bathollths (Fig. 2.2). The Kootenay Arc was formed at the 
same time and in conjunction with the Purcell Anticlinorium. 
Both structures were originally part of the continental 
margin terrace wedge, a thick wedge of Proterozoic to Lower 
Paleozoic sediments. These sediments were deposited outboard 
from the western margin of the North American craton onto the
relatively-flat basement surface of the continental platform.
\
In Camplan to Early Paleocene time, the eastward moving 
Upper Paleozoic to Middle Jurassic rocks of the Eastern and 
Quesnellla Subterranes of al1ochthonous composite Terrane I 
collided into and under the western edge of the continental 
margin terrace wedge. As a result of this collision, the 
continental margin terrace wedge was thrusted over the top of 
the westward moving North American craton. This led to 
tectonic stacking of the continental margin terrace wedge and 
to formation of the Purcell Anticlinorium. The Kootenay Arc 
formed at the same time as a west-facing monocline beyond the 
crest of the Purcell Anticlinorium. Across the width of the 
arc, there is a change in structural level involving an 
aggregate thickness of approximately 20 km of Middle 
Proterozoic to Middle Jurassic strata (Price, 1981). Thus, 
the Kootenay Arc marks the boundary between the Upper 
Paleozoic to Middle Jurassic rocks of allochthonous Terrane I 
and the Lower Paleozoic and Proterozoic rocks that have
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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likely always been part of the North American craton.
2.2.2 Stratigraphy
The stratigraphy of the Kootenay Arc region has been 
studied by numerous authors over the past century. The 
following generalized summary of the stratigraphic divisions 
is based largely on the recent work of Hoy (1980), Leclalr 
(1982, 1983, 1986), and Glover and Price (1976).
The rocks in the Kootenay Arc region range in age from 
Proterozoic to Cenozoic. They consist of a series of older 
metamorphosed sedimentary and volcanic rocks which have been 
intruded by a series of younger plutonic rocks (Table 2.1). 
The Proterozoic to Mesozoic sedimentary and volcanic rocks 
have been divided into three stratigraphic divisions (Fig. 
2.3). The Proterozoic rocks consist mainly of argillites, 
quartzites, schists, dolomites, psammites, pelltes, polymict 
conglomerates, mafic volcanics and limestones (Glover and 
Price, 1976). They form a north-trending belt along the west 
side of the study area.
Lower Paleozoic rocks overlie the Proterozoic rocks. 
Rocks assigned to this group range in age from Cambrian to 
Devonian and Include the Badshot Formation which is the most 
distinctive marker unit within the study area. It consists 
of 5 to 40 m of nearly pure white calcitic and dolomltic 
marble that can be traced through much of the study area. 
Other Lower Paleozoic units are comprised of quartzites, 
schists, conglomerates, argillites, gneisses and 
amphibolites^
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 2.1 Table of formations, K ootenay Arc area (modified after Rice 1941; Little I960; Leclair 1986)
Q U A T E R N A R Y  
Pleistocene and Recent Glacial Deposits tills, alluvians, 
colluvians
TE R T I A R Y  
Eocene (?)
C R E T A C E O U S  (mid)
JURASSIC (nidi
Plutonic Rocks
Plutonic Rocks 
Fry Creek Batholith 
Shoreline Stock 
Bayonne Batholith (West! 
Summit Stock 
Bayonne Batholith (East)
svenite
quartz monaonite 
quartz monzonite ■ 
granodiorite 
granite 
granodiorite
Plutonic Rocks 
southern tail of Nelson Batholith granite 
S haw Creek Stock granodiorite
M ine Stock granodiorite
S t u d v  Area Southwest Portion of Studv Area
T R I A S S I C  TRIASSIC
U p p e r  Triasstc Slocan G r oup schists, quartzites, marbles Upper Triasslc and Ymir Croup
(?) Older
P E R M I A N  A ND (?) O L D E R  
L o w e r  Pertain a nd Kaslo Croup 
(?) Older
greenstones, amphibolites
M I S S I S S I P P I  T O  PERMAIN 
U p p e r  M i s s i s sippian ' Milford G r o u p  phyllites, quartzites, schists,
limestones
UNCONFORMITY
C A M B R I A N  T O  D E V ONIAN Lardeau G r o u p  gneisses, amphibolites,
schists
U  N C  0 N  F  0  R  M  I I
C A M BRIAN CAMBRIAN 
Middle Cambrian Nelwav Formation
L o w e r  C a m brian Badshot Fo r m a t i o n  pure calcitic and dolomitic
marble
Lower Cambrian Laib Formation
Lower Cambrian and 
Hadrynian (?)
Mohican F o r m a t i o n  schists, quartzites, marbles, 
amphibolites
Namill Croup quartzites, schists lower Cambrian and 
Hadrvnian (?)
Reno Formation
Ouartzite Rante Formation
Three Sisters Formation
HE L IKIAN
Windermere Supergroup conglomerates, volcanics,
pelites, limestones
Purcell Supergroup argillites, quartzites,
schists, dolomites, psammites, 
pelites
slates, argillites 
quartzites, limestones
Y
limestones, argillites, 
phyllites, slates
schists, phyllites, 
argillites, quartzites
quartzites. phyllites, 
schists,
quartzites,schists, 
argillites, phyllites
quartzites, schists, 
conglomerates
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The Lower Paleozoic rocks are separated from the 
overlying Upper Paleozoic to Triassic rocks by an 
unconformity that has both stratigraphic and structural 
expression. This unconformity is thought to: (1) correspond
to an unseen strlke-dip fault (Leclalr, 1983); and (2) mark 
the boundary between the Proterozolc to Lower Paleozoic rocks 
of the North American craton and the Upper Paleozoic to 
Triassic rocks of the Eastern and Quesnellia Subterranes of 
Terrane I (Monger et a l ., 1982).
The Upper Paleozoic to Triassic rocks consist of 
phyllltes, quartzltes, limestones, schists, greenstones, 
amphibolites and marbles. They include the Milford and Kaslo 
Groups which are thought to be part of the Eastern Subterrane 
of Terrane I (Monger, 1977).
Following deposition of the Proterozolc to Mesozoic 
sedimentary and volcanic rocks, a series of granitoid plutons 
were emplaced (Fig. 2.3). The majority of these plutons were 
emplaced in mld-Jurasslc and in mid-Cretaceous time 
(Archibald et a i ., 1983), however, several small bodies of 
syenite were emplaced in the western part of the study area 
during Tertiary time (Leclair, 1986). Paleomagnetic samples 
for this study were collected from the mid-Jurasslc and 
mid-Cretaceous plutons.
2.3 Plutonic Rocks
2.3.1 Mid-Jurasslc
Three intrusions of mid-Jurasslc age were sampled for 
this study. Two of the intrustlons, namely, the Shaw Creek
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and the Mine Stocks, Intrude Proterozolc rocks. The third 
intrusion was the southern tail of the Nelson Batholith which 
intrudes Upper Paleozoic to Triassic rocks (Fig. 2.3).
The Mine Stock is located in the southwest corner of the 
study area where it abuts against the southern margin of the 
Shaw Creek Stock (Fig. 2.3). The Mine Stock consists of a 
fine- to medium-grained, light-grey granodlorite that is 
fairly uniform in texture and composition. Quartz, 
labradorite and microcllne are the principal minerals while 
biotlte, hornblende and epldote are the common accessory 
minerals (Rice, 1941). In addition, small feldspar 
megacrysts are common throughout the Intrusion.
The Shaw Creek Stock is located between the Mine Stock 
and the Bayonne Batholith (West) (Fig. 2.3). It is an 
equlgranular granodlorite consisting of quartz, microcllne, 
oligoclase and andeslne. The main accessory minerals are 
biotlte, hornblende and epldote (Rice, 1941).
The southern tall of the Nelson Batholith is the section 
of batholith that is located to the south of Ymlr Mountain 
and to the east of Highway 6 (Fig. 2.3). The dominant rock 
type in the tall is medium- to coarse-grained, grey granite. 
This granite is comprised essentially of quartz, oligoclase, 
orthoclase and microcllne with accessory biotlte and 
hornblende (Little, 1960). Gabrielse and Reesor (1974) noted 
that, unlike the main body of the Nelson Batholith which Is 
basically massive, the southern tall displays an Intense 
llneatlon parallel to the fold axes and to the
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cleavage-bedding Intersections of the enclosing host rocks. 
Also, there are pockets of porphyritic granite containing 
numerous white to flesh-coloured phenocrysts of twinned 
alkali-feldspar in the southern tail.
Geochronology studies by Archibald et al . (1983) found a 
mid-Jurasslc age for the Mine Stock and mid-Cretaceous ages 
for the Shaw Creek Stock and southern tall of the Nelson 
Batholith (Table 2.2). Archibald et al.(1983) believe that 
the younger isotopic ages were reset by regional metamorphism 
which began shortly after emplacement and terminated in 
mid-Cretaceous time. Because their younger lsotopic ages 
likely correspond to time of remanence aquisltlon, the author 
assigned the Shaw Creek Stock and the southern tail of the 
Nelson Batholith to the mid-Cretaceous sample collection.
2.3.2 Mid-Cretaceous
Five intrusions of mid-Cretaceous age were sampled for 
this study. Three of the intrusions, namely, the Bayonne 
Batholith (East), the Bayonne Batholith (West) and the Summit 
Stock Intrude Proterozolc rocks while the Fry Creek Batholith 
intrudes both Proterozolc and Lower Paleozoic rocks. The 
Shoreline Stock intrudes Upper Paleozoic to Triassic rocks.
The Bayonne Batholith (East) is located on the southeast 
side of Kootenay Lake (Fig. 2.3). The batholith varies in 
composition from a granite to granodlorite with the latter 
being dominant. These rocks are mostly equlgranular but 
porphyritic zones with large alkal1-feldspar phenocrysts are 
common. Quartz, oligoclase, orthoclase and microcllne are
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Table 2.2 Summary of emplacement and lsotopic ages for the 
sampled Intrusions.
Emplacement Age Reported K-Ar 
Ages* (Ha)
Best Estimated Age* 
<Ma)
Jurassic (mid) 
Mine Stock 147,151,153, 
156,158,159, 
162,163,165, 
166
165 - 166 
Jurassic (mid)
Shaw Creek Stock 59,66,67,72, 
77,100,130
129
Cretaceous (mid)
southern tail of 
Nelson Batholith 110,124
124
Cretaceous (mid)
Cretaceous (mid)
Bayonne Batholith 
(East)
69,72,72,72, 
79,81,82,84, 
89,90,90,90, 
90,92,94,95, 
96,99,99,129
115 - 90 
Cretaceous (mid)
Summit Stock 103,103,102 103 - 102 
Cretaceous (mid)
Bayonne Batholith 
(West)
40,41,43,44,
45.46.47.48,
48.49.49.49,
50.50.50.50,
50.51.51.51,
51.51.52.52, 
52
40 - 50 
Eocene
Fry Creek 
Batholi th
56,53,50 53
Eocene
Shoreline Stock 51 51
Eocene
*Isotopic ages reported by Archibald et al. (1983,1984).
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the principal minerals while biotlte and hornblende are the 
main accessory minerals (Rice, 1941).
The Bayonne Batholith (West) Is located along the 
southwest shore of Kootenay Lake across from the Bayonne 
Batholith (East) (Fig. 2.3). This Intrusion Is typically a 
white to light-grey, medium- to coarse-grained massive 
granodlorite. The Bayonne Batholith (West) Is similar in 
composition to the Bayonne Batholith (East) except that the 
accessory minerals range from biotlte and epldote in the 
northern exposures to muscovite, biotlte and epldote in the 
southern exposures (Rice, 1941).
The Summit Stock consists of a coarse- to medium- 
grained, light-grey to pink granite. This granite consists 
essentially of white to flesh-coloured orthoclase, quartz and 
oligoclase. Biotlte, muscovite, apatite, magnetite and 
pyrite are the main accessory minerals (Little, 1960).
The Fry Creek Batholith is also located along the 
northeast shore of Kootenay Lake (Fig. 2.3). Reesor (1973) 
described the typical Fry Creek granitic rock as a massive, 
medium-grained quartz monzonlte. Quartz, microcllne and 
plagloclase are the principal minerals while biotlte and 
muscovite are the main accessory minerals. In the northwest 
corner of the batholith where the paleomagnetic samples were 
drilled, the rocks are commonly foliated with muscovite In 2 
mm to 8 mm wisps that are parallel to elongate quartz lenses.
The Shoreline Stock is exposed along the northeast shore 
of Kootenay Lake (Fig. 2.3). It is a westward-dipping
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massive Intrusion of medium-grained equlgranular quartz 
monzonlte. It consists of quartz* plagloclase and 
alkall-feldspar with accessory biotlte and muscovite (Hoy, 
1980).
Archibald et al., (1984) reported mid-Cretaceous 
isotopic ages for the Summit Stock and Bayonne Batholith 
(East), and Eocene ages for the Bayonne Batholith (West), Fry 
Creek Batholith and Shoreline Stock (Table 2.2). Archibald 
et al. (1984) believe that the Eocene isotopic ages resulted 
from diachronous cooling of the mid-Cretaceous intrusions 
upon uplift in Eocene time. In light of their younger ages, 
the Bayonne Batholith (West), the Fry Creek Batholith and the 
Shoreline Stock were assigned to the Eocene sample collection 
for paleomagnetic analysis.
2.4 Metamorphism
2.4.1 Regional
The rocks in the study area underwent regional 
metamorphism in Jurassic time. Archibald et al. (1983, 1984) 
plotted index minerals to define five metamorphic zones 
within the study area (Fig. 2.4). In order of increasing 
grade, these are the biotlte, garnet, staurolite or 
staurolIte-kyanite and sillimanlte-K-feldspar zones. They 
form a narrow, nearly continuous, north-south-trending belt 
that Is centred on Kootenay Lake across the study area (Fig. 
2.4). With the exception of the areally-restrlcted 
s111lmanIte-K-feldspar zone in the Riondel area (Hoy, 1980), 
the silllmanlte zone forms a regional metamorphic high
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Figure 2.4 Regional metamorphic zones for the southern 
Kootenay Arc. Only assemblages of Jurassic 
age have been plotted, (after Archibald et 
al. 1983) —
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through the centre of the belt.
Archibald et aJ. <1983, 1984) believe that the 
metamorphic data represents amphibolIte-facles regional 
metamorphism. However, mapping by Leclalr <1982), Hoy <1980) 
and Glover and Price <1976) Indicates that the regional 
metamorphic grade ranges from upper greenschlst to upper 
amphlbollte facies In the northern half of the study area and 
from lower greenschlst to mId-amphibol1te facies In the 
southern half.
2.4.2 Contact Metamorphism
From Fig. 2.4 it is apparent that some intrusions such 
as the Fry Creek Batholith truncate the regional metamorphic 
zones. These Intrusions have superimposed secondary contact 
metamorphic aureoles on the regional zones. The textural 
relations indicate that the contact minerals overgrew the 
original regional penetrative fabric <Archlbald et a2.,
1984) .
2.5 Structure
2.5.1 Introduction
The rocks in the study area have undergone a single 
protracted period of polyphase deformation with three 
principle phases. The following summary is based largely on 
the work of Hoy <1980), Ross <1970) and Crosby <1968) and 
follows the nomenclature of Clifford <1960).
2.5.2 Phase I
Phase I deformation is thought to have begun in 
mid-Jurasslc time. It is characterized by tight
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northward-trending Isoclinal folds. These folds possess long 
planar limbs and serrated hinges. The axial surfaces of 
these folds have variable orientations and are defined by 
both a cleavage CFj) and a lineation (Lj). These structures 
are strongly penetrative.
2.5.3 Phase II
Phase II deformation is thought to have begun in 
mid-Cretaceous time. It is represented by open# 
northward-trending# assymetrlc# isoclinal folds. These folds 
have variable amplitudes# planar limbs, rounded hinges and 
frequently distort the Phase I folds. The axial surfaces of 
the Phase II folds generally dip to the west at variable 
angles. The Phase II folds are also defined by a cleavage 
(F2> and a lineation <L2>« Both structures are strongly 
penetrative. The F 2 cleavage is frequently seen as a 
crenulatlon cleavage that parallels the axial surfaces of the 
folds. The L2 lineation has a variable orientation.
2.5.4 Phase III
Unlike Phase I and II deformation# Phase III deformation 
only occurs in limited regions of the study area. This has 
led to some confusion in the literature. In spite of this 
handicap# the following general observations seem evident. 
Phase III deformation is characterized by open# symmetrical 
shear and/or flattened# flexural-slIp folds. These folds are 
often found in association with boudlnages. The folds 
possess planar limbs and angular to subrounded hinges. These 
folds frequently produce a cleavage ^ 3 ) and a lineation
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(L3 >. Neither structure Is penetrative. The F3 cleavage 
generally parallels the axial surfaces of the folds, whereas 
the L3 lineation possesses a highly variable attitude.
Phase III deformation Is thought to have resulted from 
the reaction of the easterly movement of Phase I deformation 
structures against the Purcell Anticlinorium (Ross, 1970).
If this theory is correct, then Phase III deformation will 
have occurred In Upper Cretaceous to Early Paleocene time.
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3.0 SAMPLING AND PREPARATION
3.1 Sampllng
Sampling was carried out on eight individual intrusions 
located within the study area that Archibald et al. <1983, 
1984) had divided into mid-Jurassic, mid-Cretaceous and 
Eocene age groups. This provided good geochronologic control 
for the paleomagnetic data.
From the eight intrusions, forty sites were sampled for 
paleomagnetic study. Drilled core samples were collected at 
thirty-four sites and hand-oriented block samples were 
collected at the remaining six sites (Fig. 3.1). The sites 
were chosen on the basis of easy access by boat or truck, 
well-exposed outcrop in order to avoid large erratics common 
in mountain valleys, convenient drilling surfaces and the 
absence of weathering alteration.
3.2 Sample Preparation
Topographic maps of 1:50,000 scale were used to 
accurately locate each sample site (Table 3.1). In the case 
of drilled samples, five to six cores were drilled at each 
site using a portable rock drill equipped with a 2.54 cm 
diameter core bit. The drill cores were then oriented in 
situ using a Canada Astro Sun Compass MRII (error <2° arc) 
and a Brunton compass (error about 2° arc). The Brunton 
compass reading was used to check the accuracy of the sun 
compass reading. If the sun compass could not be used, 
topographic sitings were taken to check the magnetic readings
22
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Figure 3.1 Sample site locations in the Kootenay Arc.
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Table 3.1 Site geologic and sampling data
Location
»i te Unit Age Long
°W
Lat
°N
N n
1 BBE C 116.73 49.37 5 13
3 BBE C 116.72 49.35 5 8
4 BBE C 116.70 49.33 6 14
5 BBE C 116.70 49.33 5 9
6 BBE C 116.70 49.32 5 7
7 BBE C 116.70 49.28 5 10
8 BBE c 116.65 49.28 5 13
9 BBE c 116.64 49.26 5 11
11 SNB c 117.17 49.28 5 10
12 SNB c 117.17 49.28 5 15
13 SS c 117.05 49.08 5 8
14 SS c 117.06 49.08 5 15
15 SCS c 116.88 49.21 6 13
17 SCS c 1 16.86 49. 18 6 11
18 MS J 1 16.95 49. 17 5 8
19 MS J 116.95 49. 17 5 9
20 MS J 116.95 49. 17 4 6
21 MS J 116.95 49. 17 4 4
22 MS J 116.95 49. 17 5 7
23 MS J 116.95 49. 17 5 14
24 MS J 116.95 49. 17 5 12
25 MS J 116.95 49.17 4 8
26 MS J 116.95 49. 17 5 11
27 MS J 116.95 49.17 5 16
28 SL E 116.86 49.90 5 10
29 SL E 116.86 49.90 5 10
30 SL E 116.85 49.88 5 11
31 FC E 116.86 50.03 5 10
32 FC E 116.86 50.01 5 6
34 BBW E 116.83 49.50 5 11
35 BBW E 116.83 49.48 5 8
36 BBW E 116.83 49.48 5 10
37 BBW E 116.83 49.46 5 9
38 BBW E 116.83 49.46 5 11
39 BBW E 116.81 49.43 5 18
40 BBW E 116.81 49.41 6 11
[otes: Unit names, BBE = Bayonne Batholith (ea;
SNB ■= southern tail of NeIson Bathol1th
SS = Summ i t Stock; CSC = Shaw Creek Stoi
MS = Mine Stock; SL = Shoreline Stock; 1
Fry Creek Batholith; BBW = Bayonne Batholith 
(west)
Age symbols, C = mid-Cretaceous; J = mid- 
Jurasslc; E = Eocene
Long, and Lat. are the longitudes and latitudes 
of the site. N and n represent the number of 
cores and specimens measured, respectively.
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for local magnetic distortion.
The block samples were hand oriented in situ using a 
tripod and Brunton compass and then broken from the outcrop. 
In the laboratory# the block samples were placed In cardboard 
boxes and the measured surfaces of the samples were rotated 
to the horizontal plane. Quick-drying plaster-of-Paris was 
poured Into the boxes and allowed to set. Using a drill 
press equipped with a 2.54 cm diameter diamond bit, four to 
five cores were drilled from each block.
Cores from both block sampled and drilled sites were 
sliced into individual 2.40 cm long specimens. On average, 
most sites yielded ten to twelve specimens (Table 3.1).
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4.0 PALEOMAGNETIC MEASUREMENT PROCEDURES
4.1 NRM
The natural remanent magnetization (NRM) of each of 333 
specimens was measured on a Canadian Thin Film (CTF) 
Superconducting dual sensor rock magnetometer (Model DRM-420) 
using the one cycle measurement mode. In this mode, each 
Cartesian component of the remanence vector is measured twice 
and the mean of the two measurements is used to compute the 
remanence direction and intensity (Stupavsky, 1984)
4.2 Step Demagnetization
4.2.1 Introduction
Four specimens per site, which had representative NRM 
directions and intensities (INT) for that site, were selected 
for pilot studies. Two specimens were alternating field (AF) 
demagnetized in 14 steps (0, 5, 10, 15, 20, 30, 40, 50, 60,
70, 80, 90, and 99 mT) using a Schonstedt GSD-1 demagnetizer. 
The other two specimens from each set of four pilot specimens 
were thermally demagnetized in 14 steps (0, 100, 200, 300, 
400, 450, 500, 525, 550, 575, 600, 630, 660, and 690°C) using 
a Schonstedt TSD-1 non-inductive shielded furnace.
After examining this step demagnetization data, all 
remaining specimens for each site were bulk AF cleaned at 200 
and 500 m T . Subsequently, the specimens were bulk thermal 
cleaned at two different optimum temperatures (Table 4.1).
4.2.2 AF Demagnetization - Theory
AF demagnetization dissects a specimen's remanence 
according to the coercivity spectrum of the magnetic domains
26
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Table 4.1 Bulk demagnetization data.
AF Bulk__________________   Thermal Bulk_
Site Cleaning #1 Cleaning #2 Cleaning #1 Cleaning #2
_____________iali_____________ U H i _________________________  <°C)
1 20 50 500 575
3 20 50 500 575
4 20 50 500 575
5 20 50 500 575
6 20 50 500 575
8 20 50 500 575
9 20 50 500 575
1 1 20 50 400 525
12 20 50 300 450
13 20 50 500 575
14 20 50 500 575
15 20 50 300 450
17 20 50 500 575
18 20 50 300 450
19 20 50 300 450
20 20 50 300 450
21 20 50 300 450
22 20 50 300 450
23 20 50 300 450
24 20 50 300 450
25 20 50 300 450
26 20 50 300 450
27 20 50 300 450
30 20 50 400 500
31 20 50 300 450
32 20 50 400 550
34 20 50 550 600
35 20 50 550 600
36 20 50 550 600
37 20 50 550 600
38 20 50 400 500
39 20 50 400 500
40 20 50 400 500
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in the magnetic minerals of the specimen. The AF demagnetizer 
is composed of a coil which uses a very pure AF current to 
create an alternating magnetic field. For each 
demagnetization step, a specimen is placed in the centre of 
the coil with one of its three principal axes oriented 
parallel to the coil axis. A peak AF field of a chosen 
intensity is generated in the coil which causes the 
magnetization of the low coercivity domains to follow the 
applied field. As the applied magnetic field is reduced, the 
magnetization of these domains is frozen in random directions 
because of the "zero" ambient magnetic field provided by the 
mu metal shielding around the coil. If there is a biassing 
ambient field present, the specimens will acquire an 
anhysteretic remanent magnetization (ARM)'. Therefore the 
domains with coerclvitles greater than that of the applied 
magnetic field are left untouched and provide the remaining 
remanence that is measured. Successive increments in the 
applied field, with the remanence of the specimen being 
measured after each increment, allow the coercivity spectrum 
to be analysed very finely (Tarling, 1983) up to the lOOmT 
limit of the GSD-1 demagnetizer.
4.2.3 Themal Demagnetization - Theory
Thermal demagnetization operates in a simlllar fashion 
to AF demagnetization except that it dissects remanence 
according to the blocking temperature spectrum of the 
magnetic domains in a specimen.
A typical thermal demagnetizer consists of a
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dual-chamber, electrically-powered, shielded furnace. The 
front chamber is for heating the specimen to the desired 
temperature while the rear chamber is for cooling. The 
shielding around the furnance allows the specimens to be 
heated and cooled in a "zero" ambient magnetic field. This is 
to prevent the specimen from acquiring an unwanted partial 
thermal remanent magnetization (pTRM) on cooling.
Heating a specimen in a furnace increases the thermal 
agitation within the specimen's magnetic domains. This causes 
an exponential decrease in the relaxation times for the 
magnetic domains. During the heating cycle, any magnetic 
domains whose relaxation time is exceeded will relax their 
direction of magnetization into their "easy" direction. Upon 
cooling in a "zero" ambient magnetic field, the magnetization 
of all such domains will be randomly oriented and therefore 
will not contribute to the observed remanence of the 
specimen. This theory assumes that there is no 
crystal 1ographic or shape alignment of the magnetic domains. 
However, any magnetic domain whose relaxation time is greater 
than the duration of the heating-cooling cycle <40 to 60 
minutes) at a given temperature will not relax but will 
retain their original magnetic direction (Tarling, 1983).
By repeating the cycle of heating, cooling and 
measurement at progressively higher maximum temperatures, it 
is possible to determine the blocking temperature spectrum of 
a pilot specimen. From analysis of the blocking temperature 
spectrum, it is possible to Isolate the various components
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that contribute to a pilot specimen's remanence.
4.3 Cancellation of Earth's Magnetic Field
It Is essential that the Earth's magnetic field (EMF) is
cancelled during any measurement and/or demagnetization work.
Otherwise specimens may acquire a viscous remanent 
magnetization (VRM), an anhysteretic remament magnetization 
(ARM) or a partial thermal remanent magnetization (pTRM) that 
may dominate the remaining natural remanence. Therefore, the 
CTF magnetometer and the Schonstedt AF and thermal 
demagnetizers were operated in a triple-shielded steel room. 
This room reduces the EMF from 60,000 X  to approximately 60 $  
(Huschilt, 1983). In addition, the Schonstedt equipment 
contains multilayered magnetic shielding which provides the 
specimens with further isolation from the EMF.
4.4 Removal of Viscous Remanence
The specimens used in this paleomagnetic study were 
stored in the steel room and not removed throughout the 
experiment. This allowed the specimens' VRM component to 
decay and protected the specimens from the unwanted effects 
of the EMF.
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5.0 STATISTICAL ANALYSIS
5.1 Introduction
In this study, two methods of statisical analysis were 
used to analyze the remanent magnetization data, namely 
two-tiered statistical analysis and population level 
screening analysis. These two staistlcal analyses were 
carried out on an Apple II Plus microcomputer using programs 
written by Dr. D.T.A. Symons of the University of Windsor and 
Dr. M. Stupavsky of Sapphire Instruments Ltd.
5.2 Two-Tiered Statistical Analysis
In two-tiered statistical analysis the remanent 
magnetization data are statistically screened at the core and 
site levels. At the core level, the directions of two 
specimens from within each core were used to obtain a measure 
of the care's remanence homogeneity. The core-mean directions 
were mathematically screened such that all in homogeneously 
magnetized cores having angular standard deviations (ASD) of 
>35° and all outlier core directions were rejected. The 
remaining acceptable homogeneous core mean directions were 
then averaged together to obtain a measure of the site 
homogeneity. At the site level, the site mean directions were 
mathematically screened such that any inhomogeneously 
magnetized sites having an ASD of >35° and all outlier sites 
were rejected. The remaining acceptable homogeneous site mean 
directions were then averaged together to obtain a unit mean 
direction. The unit mean direction was used to calculate the 
paleopole position of the unit (Fisher, 1953).
31
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5.3. Population Level Screening Analysis
In population level screening analysis, the individual 
specimen directions obtained after a common bulk 
demagnetization treatment were used to graphically identify 
the remanence components that are present. The analysis began 
by measuring the within-specimen angular standard deviation 
(ASD) of each specimen's remanence vector (Kamb,1959). The 
ASD provides a measure of the within specimen remanence 
homogeneity and was used as a screening criterion for 
selecting only homogeneously magnetized specimens for 
Interpretation. In this study, the maximum limiting value for 
acceptence of a specimen direction was a ASD of about 35°. 
This value is based on experimental work by Harrison (1980) 
who found that above 35° there is an estimated 5% probability 
that the specimen retains no coherent magnetization.
The vector directions of all acceptable specimens were 
plotted in both hemispheres of an equal-area stereonet. The 
vector directions were then contoured using a conventional t% 
or 2% area smoothing circle and percentage contours. The 
resulting concentrations of vector directions, called 
"anomalies", were then statistically tested using a method 
proposed by Kamb (1959) to see if they Isolated a significant 
remanence component. Any specimen with magnetically reversed 
“up" directions were plotted in their antiparallel or 
equivalent "down" directions and the analysis was repeated.
Kamb (1959) found that at the 95% level of confidence 
any anomaly is statistically significant when defined by a
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
closed contour of at least (E + 2<r) or (0.01N + 0.2N 1/2) 
where N Is the number of specimen directions plotted, E Is 
the number of randomly directed vectors, cr Is defined as <r= 
0.01N *^2 ancj a 1% area smoothing circle is used. Note, 
however, that an anomaly may be statistically significant but 
not paleomagnetlcally significant. A reasonable additional 
requirement for paleomagnetic signflcance is that the anomaly 
must represent several sites with more than 5% of the N 
population (Stupavsky and Symons, 1982).
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6.0 NRM AND STEP DEMAGNETIZATION RESULTS
6.1 NRM
The natural remanent magnetization <NRM) was measured on 
333 specimens from 40 sites representing three age groups of 
intrusions. The NRM specimen Intensities for all three 
groups of intrusions ranged from 10“^ to 10“? Am“ *. The 
majority of specimens exhibited normal magnetization 
directions, however, specimens from Sites 15 and 30 exhibited 
reversed directions. Steronet plots of the NRM directions 
for each group of intrusions were broadly scattered, thus 
none of the groups exhibited an identifiable remanence 
component before undergoing demagnetization treatments.
The status of each specimen and site was reviewed after 
completion of the NRM measurements. Sites 2, 10, 16 and 33 
were dropped from the collection because of too few 
specimens. Specimens from Sites 7, 28 and 29 exhibited high 
Agg values 035°) because of low remanence Intensities and so 
these sites were also rejected from the collection.
6.2 Step Demagnetization
6.2.1 Mid-Jurasslc
A total of 20 pilot specimens from the 10 Jurassic sites 
were AF demagnetized in 14 steps. The majority of specimens 
displayed moderately stable (Fig. 6.1a) to erratic (Fig.
6.1b) remanence behaviour. Those specimens that showed some 
stability have moderately to steeply inclined remanence 
directions Into the northwest and northeast quadrants.
Examination of the pilot specimens' intensity decay
34
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Figure 6.1 Zijderveld plots of typical mid-Jurassic 
AF pilots, (a = site 21) (b = site 19) on 
stepwise demagnetization. Closed symbols 
indicate projection on the horizontal plane, 
and open symbols represent projection on the 
vertical plane.
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curves revealed that half of the 20 specimens displayed rapid 
exponential decay to 30 mT, at which point they were nearly 
totally demagnetized, leading to the observed erratic 
directional behaviour (Fig. 6.2a). The remaining half of the 
pilot specimens displayed rapid remanence decay to 30 mT, but 
this was followed by a stable remanence to 100 mT that ranges 
from 15% to 20% of the initial NRM intensity (Fig. 6.2b).
This stable remanence was not removed by successive AF 
demagnetization steps. Based on the results of the pilot 
specimens, AF bulk demagnetization fields at 20 mT and 50 mT 
were chosen for AF cleaning of the remaining specimens.
A second set of 20 pilot specimens from the Jurassic 
sites were thermally demagnetized in 14 steps. The majority 
of these specimens displayed erratic to moderately stable 
remanence behaviour similar to that found for the AF pilot 
specimens (Figs. 6.3a and b ) . Examination of the thermal 
intensity decay curves for these specimens revealed two types 
of remanence decay behaviour. Six of the specimens displayed 
gradual linear decay distributed over blocking temperature 
spectra of between 100°C and 600°C. Such decay is typical of 
a mixture of multidomain and single domain or pseudosingle 
domain magnetite (Fig. 6.4a).
A second set of four specimens exhibited exponential 
remanence decay and a blocking temperature spectrum in the 
0°C and 500°C range that is typical of coarse-grained 
multidomain tItanomagnetIte (Fig. 6.4b). These thermal 
results, combined with the results from the AF pilot
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 6.2 Intensity decay curves of typical mid-Jurassic 
AF pilots, (a =» site 19) (b = site 24) on 
stepwise demagnetization.
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Figure 6.3 Zijderveld plots of typical mid-Jurassic
thermal pilots, (a » site 19) (b *» site 22) 
on stepwise demagnetization. Closed symbols 
indicate projection on the horizontal plane, 
and open symbols represent projection on the 
vertical plane.
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magnetite Is the main remanence carrier. However, It Is 
likely that some specimens contain a minor amount of 
hematite. The remaining 10 thermal pilot specimens possessed 
erratic remanence decay that yielded no useful remanence 
data, in either direction or intensity but which indicate the 
presence of very coarse-grained titanomagnetite.
After the remaining specimens had been AF bulk cleaned 
at 20 mF and 50 mT, they were further thermally bulk cleaned 
in two temperature steps of 300°C and 450°C (Table 4.1).
6.2.2 Mid-Cretaceous
A total of 28 pilot specimens from 14 sites were AF 
demagnetized in 14 steps following the procedure outlined in 
Section 4.2.1. Six specimens possessed high AF coerclvitles 
which were only marginally demagnetized by 100 mT. They have 
moderately- to steeply-inclined down remanence directions in 
the northeast quadrant (Fig. 6.5a). The majority of the 
remaining acceptable specimens displayed moderately stable to 
stable remanence behaviour in the same direction with 
apparent univectoral decay to the origin above 10 mT (Fig. 
6.5b).
The remanence intensities of the majority of pilot 
specimens displayed relatively rapid exponential decay to 30 
mT, followed by a relatively slow gradual decay to 50 mT. At 
30 mT, about 75% of the NRM was removed on average while at 
50 mT about 90% was removed on average (Figs. 6 .6a and b ) . 
Since the majority of pilot specimens have dominantly low to 
moderate AF coerclvlty spectra and were largely demagnetized
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Figure 6.5 Zijderveld plots of typical mid-Cretaceous AF 
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Figure 6.6 Intensity decay curves of typical mid-Cretaceous 
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moderate AF coercivity spectras and were largely demagnetized 
by 50 mT, AF bulk demagnetization fields at 20 mT and 50 mT 
were chosen for AF cleaning of the remaining specimens.
A second set of 28 pilot specimens were thermally 
demagnetized in 14 steps following the procedures reported in 
Section 4.2. Specimens from Sites 1 through 9 displayed 
erratic to moderately stable remanence behaviour CFlg. 6.7a), 
while specimens from Sites il through 17 displayed moderately 
stable to stable remanence behaviour <Fig. 6.7b). Those 
specimens that do show some stability give down remanence 
directions in the northeast quadrant in most cases.
Examination of the pilot specimens' intensity decay 
curves revealed the existence again of two types of remanence 
decay. Sites 1 through 9 decrease nearly linearly with 
increasing temperature to about 400°C then flatten out to 
give a well-defined "knee" at 585°C which is the magnetite 
Curie temperature (Figs. 6.8a and b ) .
Sites 11 through 17 displayed rapid remanence decay with 
varying blocking-temperature spectra. Sites 11, 12 and 15 
possessed a blocking temperature spectrum of between 200° and 
450°C (Fig. 6.9a) that is typical of coarse-grained, 
multidomain t 1tanomagnetite. Sites 13 and 14 displayed a 
blocking temperature spectrum of between 600°C and 660°C 
(Fig. 6.9b), thereby indicating the presence of significant 
hematite. Site 17 exhibited a distributed blocking 
temperature of between 200°C and 600°C indicating the 
presence of significant single domain or psuedoslngle domain
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magnetite folowed by a minor hematite "knee" above 600°C 
(Fig. 6.10a).
Specimens from Site 1 have a significant remanence 
remaining above 600°C (Fig. 6.10b) and possess a high AF 
coerclvlty (Fig. 6.5a). This site was collected In the 
Sanaka Creek area near the contact between the Bayonne 
Bathollth (East) and the Purcell Supergroup (Fig. 3.1). Rice 
(1941) reported that the Purcell Supergroup rocks In this 
area contained finely divided hematite. This suggests that 
specimens from Site 1 probably reflect hematlzatlon 
alteration during Intrusion and hence have a significant 
hematite component.
Sites 13 and 14 were collected from the Summit Stock. 
Specimens from these sites possess a high AF coerclvlty and 
retain a significant portion of their remanence at 600°C 
(Fig. 6.9b). Therefore, specimens from these sites probably 
contain a large hematite component. Similarly, the specimens 
from Site 17 exhibit a small hemat1te . "knee" between 600°C 
and 660°C (Fig. 6.10a) and have a moderately strong AF 
coerclvlty. This Indicates that these specimens also contain 
a small hematite component. The remanence of the specimens 
from all other sites Is probably dominantly held by 
magnet 1te.
Based on the wide range of blocklng-temperature spectra 
possessed by the thermal pilot specimens, the remaining 
specimens were bulk thermal cleaned at two different optimum 
temperatures (Table 4.1).
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6.2.3 Eocene
Twenty pilot specimens from 10 sites were AF 
demagnetized in 14 steps as described in Section 4.1. The 
majority of specimens displayed erratic to moderately stable 
remanence behaviour <Flgs. 6.11 and 6.12). Those specimens 
that do show some stability have moderately to 
steeply-inclined remanence directions In the northwest and 
southeast quadrants. Specimens from Sites 30 and 31 
displayed antiparallel or reversed magnetic directions.
Examination of the intensity decay curves revealed that 
eight specimens possessed high AF coercivltles which were 
only marginally demagnetized by 100 mT (Fig. 6.13a). A 
second group of six specimens displayed rapid remanence decay 
to 20 mT followed by stable remanence that ranges in 
intensity from 50% to 25% of the NRM intensity (Fig. 6.13b). 
This stable remanence was not removed by successive AF 
demagnetization steps. The remaining six specimens displayed 
rapid remanence decay to 30 mT by which time more than 90% of 
the Initial NRM Intensity was removed (Fig. 6.13c). Based on 
the results of the pilot specimens, AF bulk demagnet it ion 
fields at 20 mT and 50 mT were chosen for AF cleaning of the 
remaining specimens.
An additional 20 pilot specimens were thermally 
demagnetized in 14 steps as described in Section 4.2. 
Specimens from Sites 32, 39, and 40, displayed erratic 
remanence behaviour (Fig. 6.14) whereas specimens from the 
remaining sites displayed moderately stable remanence
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Figure 6.11 Zijderveld plot of typical Eocene AF pilot, 
(site 35) on stepwise demagnetization.
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horizontal plane, and open symbols represent 
projection on the vertical plane.
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Figure 6.13 Intensity decay curve of three typical
Eocene AF pilots, (a » site 37) (b « site 35) 
(c » site 40) on stepwise demagnetization.
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Figure 6.14 Zijderveld plot of typical Eocene AF pilot, 
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behaviour (Fig. 6.15a). These latter specimens that showed 
some stability have moderately to steeply inclined remanence 
directions in the northwest and southeast quadrants except 
for specimens from Sites 30 and 31 which displayed 
antiparallel or reversed magnetic directions (Fig. 6.15b).
Examination of the intensity decay curves for the 
thermal pilot specimens revealed the following information. 
Sites 39 and 40 exhibited relatively rapid exponential decay 
with a blocking temperature spectrum between 100°C and 450°C 
(Fig. 6.16a) that is typical of coarse-grained, multidomain 
titanomagnet1te. Sites 30, 31, 32, 35 and 38 displayed 
gradual linear remanence decay that was interrupted by an 
increase in intensity between 525°C and 600°C (Fig. 6.16b). 
The origin of this increase in intensity is unknown, however, 
above 600°C the curve displayed rapid remanence intensity 
decay. These sites appear to have a blocking temperature 
spectrum of between 200°C and 625°C indicating single domain 
or psuedosingle domain magnetite and minor amounts of 
hemat i te.
Intensity decay curves from Sites 34, 36, and 37 
displayed a blocking temperature spectrum of between 600°C 
and 690°C (Fig. 6.16c). This Information, combined with the 
high AF coercivities possessed by the AF pilot specimens, 
suggests specimens from these three sites probably contain a 
large hematite component. Similarly, the pilot specimens 
from Sites 30, 31, 32, 35 and 38 retain a moderate percentage 
of their initial remanence intensity at 600°C (Fig. 6.16b)
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and have a moderately strong AF coerclvlty (Fig. 6.13b).
This indicates that specimens from these sites probably also 
contain a small hematite component. The remanence of the 
specimens from all other sites Is probably held dominantly by 
magnetite.
Based on the wide range of blocking temperature spectra 
possessed by the thermal pilot specimens, It was not possible 
to choose two optimum temperature steps for cleaning all of 
the remaining specimens. Thus, after the remaining specimens 
had been AF bulk cleaned at 20 mT and 50 mT, each site was 
further thermal bulk cleaned in two Individually chosen 
temperature steps (Table 4.1).
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7.0 BULK DEMAGNETIZATION RESULTS
7.1 Introduction
All of the remaining specimens that were not either AF 
or thermally step demagnetized, were AF demagnetized at 20 mT 
and 50 mT and then thermally demagnetized at two optimum 
temperatures. The resulting remanent magnetization data were 
analyzed using two-tiered statistical analysis and population 
level screening as described in Sections 5.1 and 5.2.
7.2 Mid-Jurasslc
7.2.1 Introduction
Ten sample sites were originally collected from the 
mld-Jurassic Mine Stock. After general AF demagnetization of 
the specimens, eight sites possessed five or fewer acceptable 
magnetic remanence directions with an Ag5 <35°. This created 
a problem during two-tiered statistical analysis because it 
is generally thought that sites possessing five or fewer 
acceptable magnetic remanence directions, possess too few 
directions to calculate a "statistically significant" mean 
site direction. Thus, the unit mean direction would have 
been calculated from two mean site directions representing 
less than 17% of the available acceptable magnetic remanence 
directions.
In order to increase the number of acceptable magnetic 
remanence and mean site directions available for the 
two-tiered statistical analysis, the author combined the 
original ten sample sites Into five "new" sites. These five 
new sites were created by combining two or more of the
58
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smaller sites Into one larger site. The resulting new sites 
possessed between seven and eleven acceptable magnetic 
remanence directions which were then used to calculate the 
mean site directions. All unit mean directions and paleopole 
positions were calculated from these new magnetic remanence 
and mean site directions.
The author acknowledges that the process of combining 
sites together carries the inherent risk of creating an 
inhomogeneity within a site by combining sites together which 
are mineralogleal 1y and/or paleomagnetleal1y different. 
However, the author feels that this risk was minimal because: 
(1) the original 10 sites were collected from a very small 
area of approximately 100 m x 100 m» <2) examination of the 
hand samples from each site revealed that the 10 sites were 
petrologically similar; and (3) sites which were combined 
together were located on average within 10 m of each other, 
thus minimizing the chance of combining paleomagnetically 
different sites.
7.2.2 20mT AF
After the 20 mT bulk AF cleaning, site mean remanence 
directions were calculated from core mean remanence 
directions following the two-tiered statistical analysis 
method outlined in Section 4.1. As can be seen in Table 7.1, 
each one of the five Jurassic site mean directions were 
calculated from a minimum of three acceptable core mean 
directions and possessed an Agg <35°. Together, these five 
site means Isolated a unit mean remanence direction of 28.1°,
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Table 7.1 Mld-Jurassic site means and unit mean remanence 
directions. Bulk AF 20 mT cleaning.
Mean Remanence
S i te N NR Dec. 
(°)
Inc. 
(°)
K A95
(°)
18 3 0 57.4 66.2 14.2 34.0
22 3 0 5.3 70.4 >999.9 5.1
23 4 I 348.2 73.9 41.0 19.5
24 4 1 44.0 54.4 74.7 14.3
27 5 0 19.4 72.0 17.0 19.1
Unit Means
A (5) (0 ) 28. 1 69.2 40.3 12.2
B (3) (2) 4.8 72.5 266.6 7.5
C (-) (-) 22.9 74.9 3.5 13.6
Unit Means Pole Position
(N) (NR) Long.
C°W)
Lat. 
(°N)
DP
(5 )
Dm
(°)
A (5) (0 ) 49.3 72.0 17.7 20.7
B (3) (2) 100. 1 80.9 11.9 13.4
C (-) (-) 80.2 72. 1 22.7 24.9
A = all sites
B = excludes Sites 18 and 24
C = calculated from population level screening analysis.
Notes: N and (N) indicate the number of core means
(site means). NR and CNR) indicate the number 
of cores (sites) rejected. The mean remanence 
direction is defined by its declination (Dec.)* 
inclination (Inc.), precision parameter (K), and 
radius of Its cone of 95% confidence (A95). The 
pole position is defined by Its westerly longitude 
(Long.), northerly latitude (Lat.), and semiaxes 
of its oval of 95% confidence (Dp,Dm). The 
asterisk denotes reversed remanence reported to 
its antipodal position.
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69.2° (12.2°) and a paleopole position of 49.3°W, 72.0°N (Dp 
= 17.7°, Dm = 20.7°). Further statistical screening 
determined that Sites 18 and 24 possessed outlier directions* 
I.e., deviate by more than three times the circular standard 
deviation (>3xCSD> from the remaining sites* and therefore 
these two sites were dropped from the analysis. The three 
remaining sites Isolated a new unit mean direction of 4.8°, 
72.5° (7.5°) and a paleopole position of 100.l°W, 80.9°N (Dp 
= 11.9°, Dm = 13.4°) (Table 7.1).
Elimination of Sites 18 and 24 changes the unit mean 
direction by 8° and resulted in a significant increase in the 
precision parameter (K) and decrease In the radius of the 
cone of 95% confidence (Agg). However, several criticisms of 
this action remain.
The first criticism is that the change In unit mean 
direction Is approximately equal to the radius of the cone of 
95% confidence of the new unit mean direction, and thus is 
not statistically significant at the 95% confidence level. 
Secondly* elimination of Sites 18 and 24 reduced the overall 
number of remanence directions used in the statistical 
analysis by over one-third, thereby reducing and already 
small number of site mean directions even more. Lastly, 
although the original unit mean direction possessed values 
for the precision parameter and the radius of the cone of 95% 
confidence which were lower than those recorded for the 
second unit mean direction* the original unit mean was still 
statistically significant. In light of these criticisms* the
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author decided to retain the original unit mean direction and 
its associated paleopole position, thereby incorporating the 
data from all five sites to provide the more realistic 
estimate of the stable remanence direction (Fig. 7.1).
Population level screening analysis was employed to 
statistically test the unit mean directions obtained from the 
two-tiered statistical analysis. Using population 
statistics, an anomaly of >>99.99% confidence was Isolated. 
The anomaly has a unit mean direction of 22.9°, 74.9° <13.6°) 
and a corresponding paleopole position of 80.2°W, 72.1°N <Dp 
= 24.9°, Dm = 22.7°) (Table 7.1) (Fig. 7.2).
As can be seen in Fig. 7.2, the unit mean direction 
calculated by population level screening analysis, plots in 
between the two unit mean directions calculated by two-tiered 
statistical analysis. Thus the population level screening 
analysis essentially isolates the same remanence direction as 
the two-tiered statistical analysis.
7.2.3 50 mT AF
Following the 50 mT bulk AF cleaning, the five Jurassic 
site mean directions displayed scattered remanence directions 
and failed to isolate a stable unit mean direction. The 
population-level screening analysis displayed similarly 
scattered directions. However, an anomaly of marginal 
significance at the 99% level of confidence and containing 
10% of the 43 directions plotted, isolated the same unit mean 
direction as found at 20 mT (Fig. 7.3). This indicates that 
several of the Jurassic specimens retained a stable remanence
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Figure 7.1 Mid-Jurassic site means calculated by two- 
tiered statistical analysis following 20 mT 
bulk AF cleaning. Unit mean is designated by 
a cross surrounded by the A«5 radius of 95% 
confidence. N = number of acceptable site 
means plotted.
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Figure 7.2 Population level screening analysis plot for 
mid-Jurassic 20 mT bulk AF cleaning. Anomaly 
is enclosed by percent density contours at 
» 9 5 %  confidence. N = number of directions 
plotted. See Table 7.1 for population mean.
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Figure 7.3 Population level screening analysis plot for 
mid-Jurassic 50 mT bulk AF cleaning. Anomaly 
is enclosed by percent density contours at 
»  957. confidence. N * number of directions 
plotted.
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direction similar to that observed In several of the Jurassic 
AF pilot specimens.
7.2.4 Thermal
Thermal bulk demagnetization at two temperature steps of 
300°C and 450°C was done on all of the remaining specimens. 
However# at each of the two temperature steps the resulting 
remanence directions were completely scattered. This 
Indicated that no stable remanence component was present In 
the specimens at these temperatures. Therefore# no further 
analysis was carried out on the specimens.
7.3 Mid-Cretaceous
7.3.I 20 mT AF
After 20 mT bulk AF cleaning# two-tiered statistical 
analysis was used to obtain the 13 Cretaceous site mean 
remanence directions (Table 7.2). Each mean direction was 
calculated from a minimum of three acceptable core mean 
directions and possessed an A95 of <35° . Together these 13 
site means Isolated a unit mean remanence direction of 14.8°, 
77.8° (9.1°) and a paleopole position of 98.4°W» 71.2°N (Dp = 
16.1°# Dm « 17.1°). Although this direction is statistically 
significant# two further statistical screenings were carried 
out in an attempt to Improve the statistical clustering of 
the remanence directions# i.e.. Increase K and decrease A9g# 
Dp and Dm values.
The first screening omitted Sites 1 and 14 which have 
outlier directions, i.e., their directions deviate by >3X CSD 
from the remaining sites about the mean. The 11 remaining
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Table 7.2 Hld-Cretaceous site means and unit mean remanence 
directions. Bulk AF 20 mT cleaning.
Mean Remanence
SI te N NR Dec. Inc. K a95
<°> <°> <°>
I 4 0 4.4 47.7 50. 1 13.1
3 4 0 4.7 77.3 48.8 13.2
4 5 1 32.4 74.3 39.2 12.3
5 3 1 41 .7 66.4 101.4 12.3
6 3 0 19.7 68. 1 125.2 11.0
8 5 0 335.4 77.9 50.7 10.8
9 4 0 21.0 80.7 252.8 5.7
11 5 0 350.2 59.7 19.3 17.8
12* 3 1 299.7 82.7 1 16.9 11.4
13 3 1 46.6 78.0 401 .3 6.1
14 4 0 191 .7 72. 1 47.4 13.4
15* 6 1 56. 1 67.8 37.8 12.6
17 4 0 210.2 77. 1 139.7 7.8
Unit Means
A <13) (0 ) 14.8 77.8 21.8 9.1
B (11) (2) 17.5 77.8 36.1 7.7
C (9) (4) 25.4 76.6 68.7 6.3
□ <-) <->> 24.7 79.9 11.0 5.0
Unit Means Pole Position
<N) (NR) Long. 
<°W)
Lat. Dp 
<°N) <b > 0
3
A (13) (0 ) 98.4 71.2 16.1 17.1
B (11) (2) 95.7 70.6 13.6 14.5
C (9) (4) 84.5 69.7 10.9 11 .7
D (-) <-) 96.9 65.7 9.1 9.5
A includes all sites.
B excludes Sites 1 and 14.
C excludes Sites 1, 11, 14 and 17.
D calculated from population level screening analysis.
Notes: For abbreviations and symbols see Table 7.1.
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site means Isolate a new unit mean direction of 17.5°, 77.8° 
(7.7°) and a paleopole position of 95.7°W, 70.6°N <Djp = 
13.6°, Dm = 14.5°) (Table 7.2). Sites 11 and 17 also 
possessed outlier directions, albeit less extreme, so that 
the two sites were next excluded In the second subsequent 
screening. The nine remaining site means Isolated a new unit 
mean direction of 25.4°, 76.6° (6.3°) and a paleopole 
position of 84,5°W, 69.7°N (Dp = 10.9°, Dm = 11.7°) (Table 
7.2).
All three unit mean directions define essentially the 
same direction, however, the clustering Improves with the 
exclusion of the four outlier site mean directions so that 
the K value Increases by a factor of three. The remaining 
nine sites represent a sufficiently large number of 
directions to provide a realistic estimate of the stable 
remanence (Fig. 7.4).
As an additional check, population level statistical 
analysis was done on the Individual specimen remanence 
directions. An anomaly at the >>99.99% level of confidence 
was Isolated. This anomaly has a unit mean direction of 
24.7°, 79.9° (5.0°) and a corresponding paleopole position of 
96.9°W, 65.7°N (Dp = 9.1°, Dm = 9.5°) (Table 7.2) (Fig. 7.5).
The unit mean directions calculated by population level 
and by two-tiered statistical analysis are virtually 
Identical In direction and precision. This supports the 
interpretation that the tiered analysis provided a valid 
estimate of the stable remanence Isolated by the 20 mT bulk
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Figure 7.4 Mid-Cretaceous site means calculated by two- 
tiered statistical analysis following 20 mT 
bulk AF cleaning. Unit mean is designated by 
a cross surrounded by the Age radius of 95% 
confidence. N * number of acceptable site 
means plotted.
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Figure 7.5 Population level screening analysis plot for
mid-Cretaceous 20 mT bulk AF cleaning. Anomaly 
is enclosed by percent density contours at 
»  95% confidence. N » number of directions 
plotted. See Table 7.2 for population mean.
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cleaning.
7.3.2 50 mT AF
After the 50 mT bulk AF cleaning# 12 of the 13 
Cretaceous site mean directions possessed Ag5 values of less 
than 35°. These 12 site means Isolate a unit mean direction 
of 13.1°, 78.0° (12.2°) with a paleopole position of 101.0°W, 
7l.0°N (Dp = 21.5°, Dm = 22.9°) (Table 7.3). Elimination of 
the extreme outlier sites# Sites 1 and 14, resulted in a 
marginal shift in the unit mean direction to 16.5°, 77.9° 
(10.3°). With the further elimination of outlier Sites 11 
and 17# the remaining eight site means isolated a unit mean 
direction of 27.9°# 75.6° (8.0°) with a paleopole polsltlon 
of 78.9°W# 69.6°N (Dp = 13.6°, Dm = 14.7°) (Table 7.3).
Again# the three unit mean directions Isolate 
essentially the same direction and there is a progressive 
Increase in accuracy with the precision parameter increasing 
by a factor of more than three. This suggests that the third 
unit mean direction provides the best estimate of the stable 
remanence direction (Fig. 7.6). Population level screening 
analysis confirms this suggestion by isolating an anomaly at 
the >>99.99% level of confidence that defines a unit mean 
direction of 13.5°, 77.9° (5.4°) with a corresponding 
paleopole position of 100.4°W, 71.1°N (Dp = 9.5°, Dm = 10.1°) 
(Table 7.3) (Fig. 7.7). As can be seen in Fig. 7.7, this 
unit mean direction is statistically the same as that 
Isolated by the two-tiered statistical analysis. Therefore, 
the latter provides the best estimate of the stable remanence
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Table 7.3 Mid-Cretaceous site means and unit mean remanence 
directions. Bulk AF 50 mT cleaning.
Mean Remanence
S i te N NR Dec. Inc. K A95
(°) <°> (°)
1 3 0 6.4 45.2 306.9 7.0
3 4 0 56.4 73.8 55.9 12.4
4 4 1 6.8 68.0 16.7 23. t
5 3 0 40.3 57.0 13.9 34.3
6 2 0 7.2 58.5 16.7 65.7
8 5 0 347.1 82.6 31. 1 13.9
9 3 0 8.4 73.9 16.0 31.8
11 5 0 329.8 50.3 8.9 27.0
12* 3 1 295.2 83.9 230.8 8 . 1
13 3 0 48.6 76.5 587. 1 5.1
14 4 0 198.6 69.6 60.9 11.8
15* 5 1 46.4 74.2 92.5 8.0
17 5 0 185.2 67.5 65.3 9.5
Unit
A
Means
(12) (1) 13. 1 78.0 13.6 12.2
B (10) (3) 16.5 77.9 18.4 10.3
C (8) (5) 27.9 75.6 48.4 8.0
D (-) <-) 13.5 77.9 10.1 5.4
Unit Means Pole Position
(N) (NR)
•
Long. 
(°M)
Lat. 
( °N) (b )
Dm
(°)
A (12) (1) 101.0 71.0 21.6 22.9
B ( 10) (3) 97.6 70.4 20.5 21.8
C (8) (5) 78.9 69.9 13.6 14.7
D <-) (-) 100.4 71.1 9.5 10. 1
A excludes Site 6 .
B excludes Sites 1, 6 and 14.
C excludes Sites 1, 6 , 11, 14 and 17.
D calculated from population level screening analysis.
Notes: For abbreviations and symbols see Table 7.1.
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Figure 7.6 Mid-Cretaceous site means calculated by two- 
tiered statistical analysis following 20 mT 
bulk AF cleaning. Unit mean is designated by 
a cross surrounded by the Age radius of 957o 
confidence. N = number of acceptable site 
means plotted.
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Figure 7.7 Population level screening analysis plot for
mid-Cretaceous 50 mT bulk AF cleaning. Anomaly 
is enclosed by percent density contours at 
» 9 5 %  confidence. N - number of directions 
plotted. See Table 7,3 for population mean.
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present at 50 mT.
7.3.3 Thermal Demagnetization
Thermal bulk demagnetization at two different step 
temperatures was done on all of the remaining Cretaceous 
specimens.
7.3.4 First Cleaning
Following the first bulk thermal cleaning at 300 to 
500°C, seven of the 13 Cretaceous site mean directions
possess unacceptable Ag5 values, i.e., >35° (Table 7.4). In
addition, two of the remaining six acceptable site mean 
directions possess outlier directions, i.e., deviate by > 3X 
CSD of the remaining sites. Therefore, this direction 
possesses marginal statistical significance.
In an attempt to improve the accuracy of the unit mean 
direction, the author elected to reject five sites from the 
analysis, i.e., Site 11 which possessed the extreme outlying
mean direction, and Sites 4, 5, 9, and 17, whose mean
remanence directions possessed the highest A95 values. The 
eight remaining sites Isolated a unit mean direction of 
44.9°, 73.6° (18.7°) with a paleopole position of 65.6°W,
62.6°N (Dp = 30.3°, Dm = 33.7°) (Table 7.4). However, the 
elimination of these five sites changed the unit mean 
direction by an insignificant 4°, Increased the precision 
parameter (K) marginally and decreased the radius of the cone 
of 95% confidence (A95) marginally. Therefore, the original 
unit mean direction and its associated paleopole which 
Incorporates the data from all 13 Cretaceous sites was deemed
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Table 7.4 Mid-Cretaceous site means and unit mean remanence 
directions. Bulk thermal cleaning # 1.
Mg,an, Rmaaaagg
Site N NR Temp Dec. Inc. K A 95
<°C) (°) (°) (°)
1 4 0 500 9.0 38.7 46.6 13.6
3 3 0 500 87.0 53.2 36.6 20.6
4 5 0 500 40. I 33.7 3.2 83.3
5 4 0 500 273.9 79.5 1.1 137.2
6 2 0 500 47.6 57.3 15.3 69.1
8 2 3 500 297.6 67.5 20.2 58.8
9 2 1 500 38.3 53.3 3.5 138.8
11 4 1 400 234.5 11.5 3.4 58.9
12* 4 1 300 51.8 77.3 8.8 32.8
13 2 1 500 46.5 79.8 322.6 13.9
14 3 1 500 203.3 73.4 59.6 16.1
15* 5 0 300 76.7 60.4 86.0 13.1
17 4 1 500 151.7 52.6 1.8 100.2
Unit Means
A <13) <0) 48.6 77.9 4.9 20.9
B (8) (5) 44.9 73.6 9.6 18.7
Unit Means  Pole Position
<N) (NR) Long. Lat. Dp Dm
<°W) <°N) (°) <°>
A (13) (0) 80.3 60.1 36.9 39.3
B < 8 ) (5) 65.6 62.6 30.3 33.7
A Includes all sites.
B excludes Sites 4, 5, 9, 11 and 17.
Notes: N and CN9 indicate the number of core means
(site means). NR and (NR) Indicate the number 
of cores (sites) rejected. Temp Indicates the 
cleaning temperature. The mean remanence direc­
tion is defined by its declination (Dec.), 
inclination (Inc.), precision parameter <K), and 
radius of its cone of 95% confidence (A95). The 
pole position Is defined by its westerly longitude 
(Long.), northerly latitude (Lat.), and semiaxes 
of its oval of 95% confidence (Dp,Dm). The 
asterisk denotes reversed remanence reported to 
its antipodal position.
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to provide the more realistic estimate of the stable 
remanence (Fig. 7.8).
The population level screening analysis plot Is 
scattered and does not effectively Isolate a stable remanence 
direction. Therefore, the unit mean direction Isolated by 
two-tiered statistical analysis provides the best estimate of 
the stable remanence present during the first thermal bulk 
cleaning.
7.3.5 Second Cleaning
Upon completion of the second bulk thermal cleaning,
Site 15 displayed erratic remanence behaviour and was dropped 
from further analysis. The remaining 12 site mean remanence 
directions Isolate a scattered unit mean direction of 29.3°, 
64.6° (35.1°) and a paleopole position of 29.6°W, 70.3°N (Dp 
= 45.2°, Dm = 56.3°) (Table 7.5). However, seven of the 12 
site mean directions possessed unacceptably high A95 values 
and one of the remaining five site mean directions possessed 
an outlier direction. In addition, the unit mean direction 
Itself possessed unacceptably high A95, Dp and Dm values.
In an attempt to obtain a more accurate estimate of the 
unit mean direction, data from five sites were rejected,
I.e., Sites 3, li and 12 with the highest A95 values, and 
Sites 8 and 9 which possessed the most outlying remanence 
directions. The seven remaining sites give a mean direction 
of 39.3°, 65.1° (25.7°) and paleopole of 37.0°W, 64.0°N (Dp = 
33.6°, Dm * 41.5°) (Table 7.5).
The result of this screening is an Insignificant shift
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Figure 7.8 Mid-Cretaceous site means calculated by two- 
tiered statistical analysis following the 
1st bulk thermal cleaning. Unit mean is 
designated by a cross surrounded by the Aq5 
radius of 95U confidence. N = number of 
acceptable site means plotted.
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Table
in• Mid-Cretaceous site means and unit mean remanence 
directions. Bulk thermal cleaning #2.
Mean Remanence
Site N NR Temp
<°C)
Dec.
<°)
Inc. 
C°)
K Ag
C°>
I 4 0 575 6.4 54.0 498.6 4.
3 3 0 575 20.0 32.8 1.3 137.
4 5 1 575 52.9 48.0 9.8 25.
5* 2 2 575 10.5 29.2 18.6 61 .
6* 2 1 575 67.3 32.4 50.6 35.
8* 4 1 575 340.7 14.8 2.9 65.
9* 3 0 575 166.5 15.7 1.8 81 .
11* 2 2 525 11.1 3.9 5.0 158.
12 2 2 450 205. 1 12.4 1.0 135.
13 3 0 575 42.9 81.0 >999.9 3.
14 4 0 575 205.3 71.3 111.0 8 .
17 3 2 575 98. 1 83.3 53.5 17.
Unit Means 
A C 12> (0) 29.3 64.6 2.5 35.1
B < 7 ) (5) 39.3 65. 1 6.5 25.7
C (-) (-> 49.6 74.7 3.6 11.5
Unit Means Pole Position
(N) (NR) Long.
<°W)
Lat. Dp 
<°N> (5 )
Dm
<°)
A < 12) 
B <8> 
C <-)
(0)
(5)
<-)
29.6 
37.0
69.6
70.3 45.2
64.0 33.6
60.1 19.0
56.3
41.5
20.9
A includes all sites.
5 excludes Sites 3, 8 , 9, 11 
C calculated from population
and 12.
level screening analysis.
Notes: For abbrevlat ions and symbols see Table 7.4.
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of about 4° In the unit mean direction combined with a 
significant decrease In Its A95, Dp and Dm values and an 
Increase In its K value. Consequently, the author chose the 
second unit mean direction as the best estimate of the stable 
remanence despite the fact that its cluster statistics are 
relatively poor (Fig. 7.9).
Population level screening analysis isolated an anomaly 
possessing a unit mean direction of 49.6°, 74.7° (11.5°) with 
a corresponding paleopole position of 69.6°W, 60.i°N (Dp = 
19.0°, Dm = 20.9°) (Table 7.5) (Fig. 7.10). Three 
components. A, B and C, are contained within the 99% 
confidence contour of the anomaly. These three components 
possess a >>99.99% level of confidence but contain only 10%, 
12% and 8% respectively of the 59 plotted directions.
However, each component only represents the combined 
remanence directions of one or two sites. The A component 
represents Site l; the B component represents Sites 13 and 
17; and, the C component represents Site 14. Therefore, 
although these components are statistically significant, they 
are not paleomagnetleally significant remanence components of 
the unit.
The unit mean direction Isolated by population level 
screening analysis plots in between the 8% and 10% density 
contour of the B component (Fig. 7.10). Although this 
direction is statistically significant, it too is not 
paleomagnetleally significant because it represents less than 
two of the 13 Cretaceous sites. Therefore, the unit mean
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Figure 7.9 Mid-Cretaceous site means calculated by two- 
tiered statistical analysis following the 2nd 
bulk thermal cleaning. Unit mean is designated 
by a cross surrounded by the Age radius of 95% 
confidence. N « number of acceptable site 
means plotted.
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Figure 7.10 Population level screening analysis plot for 
mid-Cretaceous 2nd bulk thermal cleaning. 
Anomaly is enclosed by percent density 
contours at »  957, confidence. N * number 
of directions plotted. See Table 7.5 for 
population mean.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
83
direction calculated from the second statistical screening 
provides the best estimate of the stable remanence isolated 
by the second thermal bulk cleaning.
7.4 Eocene
7.4.1 Introduction
Upon completion of the Eocene measurements, the 
specimens from Sites 36 and 37 were consistently found to 
isolate anomalous remanence directions that could reflect a 
declination rotation of about 180°. Thus, they appear to 
isolate a late Aphebian to early Helikian paleopole position 
which Is impossible given the geological age constraints of 
the intrusions. Alternatively, apparent rotation could have 
been caused by either some unmapped tectonic rotation or by 
an orientation error. Since all of the samples collected were 
orientated in situ using a sun compass and then 
double-checked using a Brunton compass, an unmapped tectonic 
rotation provides the most likely explanation.
Sites 36 and 37 were collected from the north and south 
shores respectively of Rhlnoceras Point which is part of the 
Bayonne Batholith (West). It is located on the southwest 
shore of Kootenay Lake and extends several hundred metres 
Into the lake (Fig. 3.1). The author suspects that some 
localized geologic event, such as slumping or faulting, 
separated and rotated the rocks of Rhinoceros Point from the 
batholith. This would explain why the remanence direction 
held by Sites 36 and 37 differs so markedly from that of 
Sites 34, 35, 38, 39, and 40 which were collected from the
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batholith immediately to the north and south of Rhinoceros 
Point. For this reason, the individual specimen remanence 
directions from Sites 36 and 37 were excluded from the 
population level screening analysis. Also, although the site 
mean directions calculated from these directions were used in 
the two-tiered statistical analysis, they were consistently 
rejected during the subsequent statistical screenings as 
outlier directions.
7.4.2 20 mT AF
Following the 20 mT bulk AF cleaning, two-tiered 
statistical analysis was used to obtain the site mean 
remanence directions for each of the nine Eocene sites (Table 
7.6). Each site mean direction possessed an Agg of < 35°. 
Together these nine site means isolated a unit mean remanence 
direction of 347.6°, 72.9° (17.3°) to give a paleopole 
position of 150.4°W, 78.3°N (Dp = 27.4°, Dm = 30.8°).
Although this direction is statistically significant, a 
second screening was carried out in an attempt to improve the 
statistical clustering of the directions.
The second screening omitted Sites 30, 31, 36, and 37 
which have outlier directions, that deviate by >3X CSD. The 
five remaining site means Isolate a new unit mean direction 
of 337.0°, 73.8° (7.6°) and a paleopole position of 158.6°W, 
73.5°N (Dp = 12.4°, Dm = 13.8°) (Table 7.6).
Both unscreened and screened unit mean directions define 
essentially the same direction, however, the clustering 
improves with the screening, with the K value Increasing by a
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Table 7.6 Eocene site means and unit mean remanence 
directions. Bulk AF 20mT cleaning.
_________Mean Remanence---------
Site N NR Dec. Inc. K A95
C°> <°> <°>
30* 4 0 303.0 43.4 47 .7 13.4
31 2 2 17.1 24.4 146. 1 20.8
34 3 0 346.5 83.3 64.0 15.5
35 4 0 . 333.5 74.0 234.4 6.0
36 4 0 130.0 81.6 >999.9 2.8
37 4 0 114.9 75.3 96.2 9.4
38 4 0 334.4 67.8 >999.9 2.3
39 5 0 323.0 67.1 38.1 12.5
40 5 0 6.5 74.5 44.5 11.6
Unit Means
A (9) (0 ) 347.6 72.9 9.7 17.3
B (5) (4) 337.9 73.8 100.8 7.6
C (-) <-) 337.5 73.8 77.8 3.9
Un 11 Means Pole Position
(N) <NR> Long. Lat. DR Dm
C°W) (°N> <®> <°)
A (9) <0 ) 150.4 78.3 27.4 30.8
B (5) (4) 158.6 73.5 12.4 13.8
C (-) <-> 159.0 73.4 6.4 7.1
A includes all sites.
B excludes Sites 30,31»36 and 37.
C calculated from population level screening analysis.
Notes: For abbreviations and symbols see Table 7.1.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
86
factor of ten. The remaining five sites represent a 
sufficiently large enough number of directions to provide a 
realistic estimate of the stable remanence (Fig. 7.11).
As an additional check* population level statistical 
analysis was done on the Individual specimen remanence 
directions. An anomaly at the >>99.99% confidence level was 
Isolated with a unit mean direction of 337.5°, 73.8° (3.9°) 
and a corresponding paleopole position of 159.0°W, 73.4°N (Dp 
= 6.4°, Dm = 7.1°) (Table 7.6) (Fig. 7.12).
The unit mean directions calculated by population level 
and two-tiered statistical analysis are virtually identical 
and have similar precision. This supports the Interpretation 
that the tiered analysis provides a valid estimate of the 
stable remanence Isolated by the 20 mT bulk cleaning.
7.4.3 50 mT AF
After the 50 mT bulk AF cleaning, eight of the nine 
Eocene site mean directions possessed A95 values of <35°. 
These eight site means Isolate a unit mean direction of 
333.8°, 80.1° (15.0°) with a paleopole position of 137.3°W,
65.4°N (Dp = 27.5°, Dm = 28.7°) (Table 7.7). Further 
statistical screening determined that Sites 36 and 37 
possessed outlier directions, thus these two sites were 
dropped from the analysis. The six remaining sites Isolate a 
unit mean direction of 324.8°, 72.7° (15.7°) to give a 
corresponding paleopole position of 170.6°W, 67.7°N (Dp = 
24.8°, Dm * 27.9°) (Table 7.7).
Both screened and unscreened unit mean directions
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Figure 7.11 Eocene site means calculated by two-tiered 
statistical analysis following 20 mT bulk 
AF cleaning. Unit mean is designated by a 
cross surrounded by the Ag- radius of 957. 
confidence. N = number of acceptable site 
means plotted.
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Figure 7.12 Population level screening analysis plot for 
Eocene 20 mT bulk AF cleaning. Anomaly is 
enclosed by percent density contours at 
»  957o confidence. N * number of directions 
plotted. See Table 7.6 for population mean.
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Table 7.7 Eocene site means and unit mean remanence 
directions. Bulk AF 50 mT cleaning.
Site N NR Dec.
(°>
30* 4 0 309.0
31 4 0 4.1
34 3 1 229.2
35 4 0 313.2
36 4 0 129.3
37 4 0 115.2
38 5 0 338.3
39 2 2 330.8
40 4 1 47.3
Mean Remanence
Inc . K A95
<°> <°>
50.2 27.2 17.9
22.2 5.0 45.6
77.2 151.1 10.0
72.7 43.8 14.0
81.5 938.7 3.0
70.6 343.8 4.9
63.3 79.6 8.6
69.7 69.2 30.5
71.7 17.0 22.9
Unit Means
A (8) (1) 333.8 80. 1 14.7 15.0
B < 6 ) (3) 324.8 72.7 19.2 15.7
C (-) (-) 321.2 70.5 93.8 5.0
Unit Means Pole Position
CN> (NR) Long. Lat. D5 Dm
<°W> (°N> <5 > C°>
A (8) (1) 137.3 65.4 27.5 28.7
B (6) (3) 170.6 67.7 24.8 27.9
C (-) <-) 179.3 65.9 7.5 8.7
A excludes Site 31.
B excludes Sites 31* 36 and 37.
C calculated from population level screening analysis.
Notes: For abbreviations and symbols see Table 7.1.
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Isolate essentially the same direction with only a marginal 
difference In precision. However, since the screened data 
did not Include Sites 3G and 37, It was chosen to represent
the 50 mT cleaning (Fig. 7.13).
Population level screening analysis Isolates a large 
dispersed anomaly at the >>99.99% level of confidence that 
has a unit mean direction of 321.2°, 70.5° (5.0°) with a 
corresponding paleopole position of 179.3°W, 65.9°N (Dp = 
7.5°, Dm = 8.7°) (Table 7.7) (Fig. 7.14). This direction has 
marginal paleomagnetIc significance because It Is based on a
rather small sample base. However, since It Is concordant
with the unit mean direction Isolated by the two-tiered 
statistical analysis after screening, the latter Is 
considered to provide the best estimate of the stable 
remanence present at 50 mT.
7.4.4 Thermal Demagnetization
Thermal bulk demagnetization at two different 
temperature steps was done on all of the remaining Eocene 
specimens.
7.4.5 First Cleaning
Following the first bulk thermal cleaning at 300 to 
500°C, Site 31 gave erratic results and was dropped from the 
data base. In addition, Sites 30 and 40 possessed 
unacceptably high Agg values and were eliminated from the 
tiered analysis. The six remaining Eocene sites Isolated a 
unit mean remanence direction of 275.5°, 76.6° (27.8°) to 
give a paleopole position of 154.5°W, 45.5°N (Dp * 47.8°, Dm
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Figure 7.13 Eocene site means calculated by two-tiered 
statistical analysis following 50 mT bulk 
AF cleaning. Unit mean is designated by a 
cross surrounded by the Age radius of 957. 
confidence. N = number of Acceptable site 
means plotted.
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Figure 7.14 Population level screening analysis plot for 
Eocene 50 mT bulk AF cleaning. Anomaly is 
enclosed by percent density contours at 
» 9 5 7 o  confidence. N = number of directions 
plotted. See Table 7.7 for population mean.
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= 51.5°) (Table 7.8). Elimination of the two extreme outlier 
sites* Sites 36 and 37, shifted the unit mean direction to 
277.5°, 74.6° (34.8°) and the paleopole position to 159.3°W, 
44.9°N (Dp = 40.9°, Dm = 54.1°) (Table 7.8).
The screened unit mean direction possesses an Agg value 
which is somewhat larger than that possessed by the 
unscreened unit mean direction, conversely the precision 
parameter K is increased sharply. This apparently contrary 
behaviour is related to the small number of directions (N) 
used to calculate the screened unit mean direction. On 
balance, the screened mean is marginally preferrable (Fig. 
7.15).
Population level screening analysis isolates two 
anomalies, A and B (Fig. 7.16). The smaller sized A anomaly 
possesses a >99.9% level of confidence but contains specimen 
remanence directions from only Site 39. Therefore, it does 
not have any paleomagnetic significance. The dominant B 
anomaly has a >>99.99% level of confidence and contains 
directions from Sites 30, 34, 35, 38, and 40. It isolates a 
unit mean direction of 281.6°, 69.6° (4.9°) which gives a 
paleopole position of 170.2°W, 43.4°N (Dp = 7.2°, Dm = 8.5°) 
(Table 7.8) (Fig. 7.16).
The unit mean direction calculated by population level 
analysis is midway between that calculated by the unscreened 
and screened two-tiered statistical analysis. This supports 
the interpretation that the tiered analyses provide a valid 
estimate of the stable remanence behaviour isolated by the
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Table 7.8 Eocene site means and unit mean remanence directions. 
Bulk thermal cleaning #1.
Mean Remanence
Site N NR Temp Dec. Inc. K Ag
30* 2 3
<°C>
400
<°>
355.3
<°>
-63.6 14.5
<°>
71.2
34 5 0 550 230.4 72.9 167.9 5.9
35 5 0 550 273.8 68.3 49.9 10.9
36 5 0 550 134.8 79.7 955.5 2.4
37 4 0 550 121.8 69.3 124.0 8.2
38 5 0 400 333.9 68.4 41.0 12.0
39 4 1 400 286.7 22.6 26.2 18.3
40 2 3 400 263. 1 74.0 31.3 46.3
Un 11 Means
A (6) (2) 275.7 76.6 6.8 27.8
B (4) (4) 277.5 74.6 7.9 34.8
C (-) (-) 281 .6 69.6 77.3 4.9
Unit Means Pole Pos ition
(N) (NR) Long. Lat. D£ Dm
C°W) <°N) C°> C°>
A (6) (2) 154.5 45.5 47.8 51.5
B (4) (4) 159.3 44.9 40.9 54. 1
C <-) (-) 170.2 43.4 7.2 8.5
A excludes Sites 30 and 39.
B excludes Sites 30,36,37 and 39.
C calculated from population level screening analysis.
Notes: For abbreviations and symbols see Table 7.4.
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Figure 7.15 Eocene site means calculated by two-tiered 
statistical analysis following the 1st bulk 
thermal cleaning. Unit mean is designated 
by a cross surrounded by the Age radius of 
95% confidence. N = number of acceptable 
site means plotted.
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Figure 7.16 Population level screening analysis plot for 
Eocene 1st bulk thermal cleaning. Anomaly is 
enclosed by percent density contours at 
>>957. significance. N = number of directions 
plotted. See Table 7.8 for population mean.
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first bulk thermal cleaning.
7.4.6 Second Cleaning
After the second bulk thermal cleaning, five of the 
eight Eocene site mean directions possessed Agg values of 
<35°. These five site means Isolate a unit mean direction of 
247.3°, 77.3° (22.5°) with a paleopole position of 144.8°W,
36.1°N <Dp = 39.3, Dm = 42.1) <Table 7.9). Elimination of 
the two most extreme sites. Sites 36 and 37, shifted the unit 
mean direction to 264.8°, 63.9° (26.7°) and the paleopole 
position to 170.5°W, 30.1°N (Dp = 33.7°, Dm = 42.5°) (Table
7.9).
Again both unit mean directions possess high Agg values, 
however, the screened unit mean direction possesses a 
significantly larger precision parameter. This suggests that 
It provides the better estimate of the stable remanence 
direction (Fig. 7.17). Population level screening analysis 
confirms this suggestion by Isolating an anomaly at the 
>>99.99*evel of confidence that defines a unit mean direction 
of 268.6°, 69.2° (11.1°) with a corresponding paleopole 
position of 165.6°W, 36.5°N (Dp = 16.1°, Dm = 18.9°) (Table
7.9) (Fig. 7.18). Since the population mean direction Is 
statistically concordant to that isolated by two-tiered 
statistical analysis, the latter provides a valid estimate of 
the stable remanence present after the second bulk thermal 
cleaning.
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Table 7.9 Eocene site means and unit mean remanence directions 
Bulk thermal cleaning #2.
Mean Remanence
Site . N NR Temp Dec. Inc. K Ag
C°C) C°> (°) <°>
30* 2 3 500 298.3 39.3 3.1 137.0
34 5 0 600 226.3 72.7 98.4 7.7
35 4 1 600 266.0 49. 1 42.3 14.2
36 5 0 600 141.5 80.4 778.4 2.7
37 4 0 600 123.9 74.5 315.7 5.1
38 4 1 500 288.6 64.8 23.4 19.4
39* 4 1 500 241 .9 43.5 1.0 141.4
40* 4 2 500 78.9 32.5 5.5 58.3
Un i t Means
A (5) (3) 247.3 77.3 12.4
B (3) (5) 264.8 63.9 22.3
C <-) (-> 268.6 69.2 69.9
Un 11 Means -Pole Posit ____
<N> (NR) Long. Lat.
<°W> <°N> (&>
A (5) (3) 144.8 36. 1 39.3
B <3> (5) 170,5 30. 1 33.7
C <-) (-) 165.6 36.5 16. 1
A exc ludes Si tes 30, 39 and 40.
B excludes Sites 30, 36, 37, 39 and 40.
C calculated by population level screening analysis.
Notes: For abbreviations and symbols see Table 7.4.
22.5
26.7
li.l
Dm
<°>
42. 1 
42.5 
18.9
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Figure 7,17 Eocene site means calculated by two-tiered 
statistical analysis following the 2nd bulk 
thermal cleaning. Unit mean is designated 
by a cross surrounded by the Aq5 radius of 
957» confidence. N = number of acceptable 
site means plotted.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ioo
o
35
-90270
2nd T H C R M A L  
CLEANING
180
Figure 7.18 Population level screening analysis plot for 
Eocene 2nd bulk thermal cleaning. Anomaly is 
enclosed by percent density contours at
957o confidence. N = number of directions 
plotted. See Table 7.9 for population mean.
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8 .0 PALEOPOLE RESULTS
8.1 Mld-Jurasslc
The mld-Jurasslc specimens were collected from the Mine 
Stock. K-Ar ages reported by Archibald et al. (1983) 
determined that rocks from this intrusion have an average age 
of approximately 155 Ma. The corresponding reference 
paleopole for the Mine Stock Is 225.5°W, 75.1°N (Irving,
1979) (Table 8.1). Comparing this paleopole with the 
observed paleopole calculated from the 20 mT bulk AF cleaning 
results indicates that the stock has undergone approximately 
47.5° of clockwise rotation and 7.7° of southerly translation 
(Fig. 8.1). However, because the number of degrees of 
translation Is much smaller than the semiaxes of the observed 
paleopole's oval of 95% confidence, /.e. Dp and Dm values, 
the amount of translation is not statistically significant.
The 20 mT AF bulk demagnetization cleaning was the only 
bulk demagnetization cleaning step to Isolate a stable 
remanence direction. This indicates that the magnetic 
remanence in the mld-Jurasslc samples is retained within the 
low coerclvlty or "soft" domains of magnetite which, as will 
be subsequently discussed, appear to have been reset in 
mid-Cretaceous time.
8.2 Mid-Cretaceous
The mid-Cretaceous specimens were collected from the 
Bayonne Bathollth (East), the southern tall of the Nelson 
Bathollth, the Shaw Creek Stock and the Summit Stock. These 
four intrusions possess an average age of approximately 92.5
101
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Table 8.1 Reference and observed paleopole locations for the unit Bean directions.
Hid-Jurassic Average Site Location = 116.95*U, 43.17*M 
Average Isotopic Age = 155.1 Ha
Deaag. Dec.* Inc. Long.*(U) Lat.’(N) Dp * Da ’ Rot.° Trans.*
Reference (-) 340.6 61.5 225.5 75.1 B.9 11.6 (-) (-)
Observed 20 aT 28.1 63.2 43.3 72.0 17.7 20.7 47.5(CU) 7.7*(S)
Hid-Cretaceous Averaae Site Location = U6.86V 49.18*N
Average Isotopic Age = 92.5 Ha
Deaag. Dec.* Inc. Long.’(W) Lat.*(N) Dp * Da * Rot.* Trans.*
Reference (-) 324.1 72.1 173.0 67.4 9.8 11.1 (-) (-)
Observed 20 aT 25.4 76.6 84.5 63.7 10.9 11.7 SI.3(CU) 4.5*<S)
50 aT 27.9 75.6 78.9 69.6 13.6 14.7 S3.3(CU) 3.5*(S)
1st Th 44.9 73.6 65.6 62.6 30.3 33.7 80.8(CU) 1.5*tS)
2nd Th 39.2 65.1 69.6 60.1 19.0 20.9 75.KCU) 7.0*(N)
Eocene Averaae Site Locatiori = 116,,83*U, 49.43*N
Average Isotopic Age = 48.2 Ha
Deaag. Dec.* Inc. Long.*(U) Lat.’(N) Dp * Da * Rot.* Trans.*
Reference (-) 347.2 68.5 185.3 81.4 10.8 12.8 (-) (-)
Observed 20 aT 337.9 73.8 158.6 73.5 12.4 13.8 9.3 ( C O 5.3*(S)
50 aT 324.8 72.7 170.6 67.7 35.8 27.9 22.4(CC) 4.2*(S)
1st Th 277.5 74.6 159.3 44.9 40.9 54.1 25.7(00 6.1*(S)
2nd Th 264.8 63.9 170.5 30.1 33.7 42.5 82.4(00 4.6*(N)
Notes: (Denag.) indicates the AF (nT) bulk cleaning field or theraal (Th) bulk teaperature at 
which the speciaens were deaagnetized. The aean reaanence direction is defined by 
declination (Dec.) and inclination (Inc.). The paleopole position is defined by its 
westerly longitude (Long.), northerly latitude (Lat.) and seaiaxes of its oval of 35Z 
confidence (Dp, Da). The angular difference between the reference and observed paleo- 
poles is defined by the nuaber of degrees of clockwise (CU) or counter-clockwise ( C O
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Figure 8.1 Polar projection of the northern hemisphere 
showing the location of the mid-Jurassic 
observed paleopole in relation to the 
apparent polar wander (APW) path (Irving, 1979) 
for the North American craton and the mid- 
Jurassic and mid-Cretaceous reference paleopoles.
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Ma years (Archibald et al., 1983, 1984) and a corresponding 
reference paleopole of 173.0°W, 67.4°N (Irving, 1979) (Table
8.1). Comparing this paleopole with the observed paleopole 
calculated from the 20 mT bulk AF cleaning results indicates 
that these four intrusions have undergone approximately 61.3° 
of clockwise rotation and 4.5° of southerly translation (Fig.
8.2). However, like the mid-Jurassic results, the number of 
degrees of translation is much smaller than the semiaxes of 
the observed paleopole’s oval of 95% confidence so that the 
amount of translation is not statistically significant. The 
observed paleopole calculated from the 50 mT bulk AF cleaning 
agrees closely to the 20 mT paleopole, although its Dp and Dm 
values are slightly higher.
The observed paleopoles calculated for the 1st and 2nd 
thermal bulk cleanings Indicate 80.8° and 75.1° respectively 
of clockwise rotation and negligible translation. These 
larger rotational values are coupled with proportionally 
larger Dp and Dm values. Therefore, the true amount of 
rotation is probably comparable to the amount reported by the 
two AF bulk cleanings.
The AF and thermal bulk demagnetization cleanings 
Isolate the same magnetic remanence direction. In addition, 
experimental results from these cleanings indicate that this 
direction Is retained within both the low coerclvlty or 
"soft" domains of magnetite and the high coercivity or "hard" 
domains of both magnetite and hematite. Therefore, It seems 
likely that the mid-Cretaceous specimens possess a single
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Figure 8.2 Polar projection of the northern hemisphere 
showing the locations of the mid-Cretaceous 
AF and 2nd thermal observed paleopoles in 
relation to the apparent polar wander (APW) 
path (Irving, 1979) for the North American 
craton and the mid-Cretaceous reference 
paleopole.
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magnetic remanence component that Is primary In origin.
8.3 Eocene
All of the acceptable Eocene specimens were collected 
from the Bayonne Bathollth (West). These specimens possess 
an average age of approximately 48.2 Ma years (Archibald, et 
ai., 1983, 1984) and a corresponding reference paleopole of 
347.2°W, 68.5°N (Irving, 1979) (Table 8.1). Comparing this 
paleopole with the observed paleopole calculated from the 20 
mT bulk AF cleaning results Indicates that this bathollth has 
undergone approximately 9.3° of counter-clockwise rotation 
and 5.3° of southernly translation (Fig. 8.3). However, 
since the rotation and translation values are smaller than 
the observed paleopole’s Dp and Dm values, neither the 
rotation or translation is statistically significant.
The 50 mT bulk AF demagnetization results indicate 
approximately 22.4° of counterclockwise rotation and 4.2° of 
southerly translation. Again, the Increase in the rotational 
value is coupled with a proportional increase in the Dp and 
Dm values of the observed paleopoles. Thus, the amount of 
rotation or translation is not statistically significant.
The paleopole positions Isolated from the first and second 
thermal bulk demagnetization cleanings possess unacceptably 
high Dp and Dm values so that these positions are also not 
statistically significant.
AF bulk demagnetization cleanings successfully Isolated 
a stable remanence direction within the Eocene specimens.
This indicates that the magnetic remanence is retained within
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Figure 8.3 Polar projection of the northern hemisphere 
showing the location of the Eocene observed 
paleopole in relation to the apparent polar 
wander (APW) path (Irving, 1979) for the 
North American craton and the Eocene 
reference paleopole.
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the low coerclvlty or "soft" domains of magnetite. However# 
It was also shown that this remanence is retained in a few 
thermal pilots up to 625°C. This implies that a minor amount 
of the remanence Is retained within the high coerclvlty or 
“hard" domains of hematite. Thus# it seems likely that the 
Eocene specimens also possess a single stable magnetite 
remanence component that is primary in origin.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
9.0 DISCUSSION
9.1 Introduct ion
In a cooling plutonic rock, the temperature at which the 
remanence becomes frozen within the magnetic minerals is 
termed the magnetic blocking temperature. Experimental work 
by York (1978), Berger et a l . (1979) and others has 
identified a physical similarity between magnetic and 
isotopic blocking temperature spectra in plutonic rocks which 
have undergone a simple cooling history. Archibald et al. 
(1983, 1984) believe that the plutonic rocks of the Kootenay 
Arc have undergone a simple cooling history. Thus their 
Isotopic ages provide a reasonable estimate of when these 
plutonic rocks acquired their magnetic remanence.
9.2 Eocene
The Eocene specimens were the youngest rocks sampled in 
this study. Their paleomagnetIc results are disappointing 
because two of the three intrusions, namely the Fry Creek 
Bathollth and the Shoreline Stock, possessed either outlier 
remanence directions or erratic remanence behaviour and thus 
their sites were rejected in the two-tiered statistical 
analysis. Nevertheless, the specimens from the third 
intrusion, namely the Bayonne Bathollth (West), Isolate a 
paleopole position that indicates about 9 +/- 24° of 
counterclockwise rotation and about 5 +/- 12° of southerly 
translation. Since both estimates are less than the 
associated 95% confidence error limits which are relatively 
small, this Eocene intrusion is not considered to have
109
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undergone either significant rotation or translation.
The Eocene results differ from those of Symons (1985).
He reported that measurements on the B component of the 
Nicola volcanics suggest that the Quesnellia subterrane of 
Terrane I likely underwent about 15 + /- 6° of clockwise 
rotation and about 7 + /- 5° of northerly translation during 
the mld-Eocene to Oligocene time period. However* the Nicola 
volcanics crop out about 300 km west of the study area, so 
that those results need not necessarily agree with the Eocene 
results reported in this study. This leads the author to 
conclude that by Eocene time, the Kootenay Arc was 
tectonlcally stable and did not undergo either significant 
rotation or translation. In this scenario, the Quesnellia 
subterrane to the west could continue to rotate between 
mid-Eocene and Oligocene time as Symons (1985) reports with 
the rocks even further to the west rotating even more (Monger 
and Irving, 1980).
9.3 Mid-Cretaceous
The mid-Cretaceous specimens were the next oldest rocks 
sampled in this study. Their paleomagnetic results were 
considered excellent because: (1) specimens from all four 
sampled intrusions, namely the Bayonne Bathollth (East), the 
southern tall of the Nelson Bathollth and the Shaw Creek and 
Summit Stocks were employed in the two-tiered statistical 
analysis; and (2) these specimens provide the most accurate 
results with the lowest A95, Dp and Dm values obtained in 
this study.
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The mid-Cretaceous AF bulk cleaning results isolate a 
paleopole position that Indicates about 62 + /- 20° of 
clockwise rotation and 4 + /- 11° of southerly translation. 
Once again, the amount of translation is much less than the 
associated 95% confidence error limits. Thus the 
mid-Cretaceous intrusions are not considered to have 
undergone slgnficant translation.
The mid-Cretaceous AF bulk results which represent the 
lower blocking temperature or "soft" VRM component agrees 
reasonably well with the results of Irving et al. <1980).
From the Late Cretaceous to early Tertiary the Axelgold 
intrusion, located on the eastern margin of the Stiklna 
subterrane, they determined that Terrane I underwent about 
63° of clockwise rotation and about 13° of northerly 
translation. The results of the first thermal cleaning were 
considered unreliable because of their high Dp and Dm values. 
However, the results of the second thermal cleaning Indicate 
about 75 +/- 33° of clockwise rotation and about 7 +/- 21° of 
northerly translation. These results represent the higher 
blocking temperature or “hard" component of the 
mid-Cretaceous remanence. They compare more favourably, 
despite their higher error limits, with other mid-Cretaceous 
results from Terrane I than do the AF bulk results.
The cause of the rotation displayed by the
mid-Cretaceous specimens is not certain, however, the most
likely possibility is that it was associated with the
tectonic formation of the Kootenay Arc. The Kootenay Arc was
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originally part of the continental-margin terrace wedge that 
was composed of Proterozoic to Lower Paleozoic sediments. 
These sediments were deposited outboard from the western 
margin of the North American craton onto the relatively flat 
basement of the continental platform (Pierce# 1980). In Late 
Cretaceous to Early Paleocene time, Terrane II impacted 
against Terrane I which had previously been accreted to the 
terrace wedge. As a result of this collision, the terrace 
wedge was thrust up and over a steplike ramp of basement rock 
that formed the rifted margin of the North American craton.
This led to tectonic stacking of the continental-margin
terrace wedge, and to the formation of the Kootenay Arc and 
the Purcell Anticlinorium.
The areal extent of the mid-Cretaceous sampling sites 
Indicates that the observed rotation is regional in extent. 
This leads the author to suggest that the thrusting and 
stacking of the terrace wedge was accompanied by clockwise
rotation of approximately 75 +/- 33° and that the northerly
translation observed in the mid-Cretaceous specimens must 
predate the accretion of Terrane I to the North American 
craton.
9.4 Mid-Jurassic
The mid-Jurassic specimens collected from the Mine Stock 
were the oldest rocks sampled in this study. Useful 
paleomagnetic results obtained from these specimens were 
limited to the 20 mT bulk AF demagnetization. Nevertheless 
these specimens isolate a paleopole position that indicates
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about 45 +/- 27° of clockwise rotation and about 8 + /- 21° of 
southerly tanslation. These values are substantially lower 
than the values found for the younger mid-Cretaceous 
specimens; thus it is unlikely that Mine Stock records a 
mid-Jurassic remanence.
The author believes that these mid-Jurassic rocks carry 
a mid-Cretaceous overprint. Examination of Table 8.1 reveals 
that the mid-Jurassic 20 mT unit mean direction is nearly 
identical to the mid-Cretaceous 20 mT unit mean direction. 
Furthermore the mid-Jurassic Mine Stock results indicate 
about 64 + /- 27° of clockwise rotation and about 2 +/- 21° of 
northerly translation when compared to the mid-Cretaceous 
paleopole. These rotation and translation values are about 
the same amount as those found for the mid-Cretaceous rocks 
after 20 mT cleaning. The "mid-Cretaceous overprint" 
interpretation also agrees with the conclusion of Irving 
C1979) who suggested that mid-Cretaceous overprints are 
common throughout the western Cordillera.
The cause of the overprint is not certain. One 
possibility Is that it is related to the emplacement of the 
mid-Cretaceous plutons. K-Ar lsotopic ages from the Mine 
Stock display some thermal overprinting which Archibald et 
al. (1983) believe is related to the emplacement of the 
Bayonne Batholith. However, these K-Ar ages have on average 
of 155 Ma so that it Is unlikely that the emplacement of the 
mid-Cretaceous plutons caused the observed magnetic 
overprint.
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A second and more probable explanation Is that the 
overprint was caused by burial and uplift associated with the 
mld-Jurasslc to Early Cretaceous collision of Terrane I 
against the North American craton. Monger et al. (1982) 
suggests that this collision burled the contInental-margIn 
terrace wedge, Into which the Mine Stock had been emplaced, 
beneath the western edge of the Quesnellla subterrane of 
Terrane I. The wedge with the entrapped stock was 
subsequently uplifted In mid-Cretaceous time. Thus the 
original mld-Jurasslc remanence of the Mine Stock could have 
been reset In mid-Cretaceous time. PaleomagnetIc experimental 
work carried out by Pullalah et al. (1975) Indicates that 
this theory Is plausible. They found that magnetite 
possessing a blocking temperature of about 450°C over the 
approximately 20 minute time span used In laboratory thermal 
demagnetization tests would have to be heated to only about 
220°C during 10 Ma years of burial and uplift to have Its 
remanence reset. The regional metamorphlc facies found In 
and around the Mine Stock (Fig. 2.4) Is consistent with this 
hypothesis. Also a laboratory blocking temperature of 450°C 
represents a reasonable estimate for the remanence removed by 
the 20 mT AF demagnetization treatment. Thus It Is logical 
to conclude that the mid-Cretaceous overprint was caused by 
the burial and subsequent uplift of the Mine Stock.
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10.0 CONCLUSIONS
The mid-Jurassic, mid-Cretaceous and Eocene plutons 
reported by Archibald et al. (1983,1984) can be distinguished 
paleomagnetically. Two-tiered statistical screening analysis 
and population level screening analysis Isolated stable 
remanence directions for each of the three groups of plutons. 
However, the tiered analysis consistently Isolated a 
statistically more precise direction.
The mid-Jurassic specimens display a mid-Cretaceous 
overprint. The cause of this overprint is not certain.
However the more probable explanation is that it was caused 
by burial and uplift associated with the mid-Jurassic to 
Early Cretaceous collision of Terrane I against the North 
American craton.
The mid-Cretaceous specimens Isolate a paleopole 
position that indicates that the southern end of the Kootenay 
Arc has undergone clockwise rotation and possibly northerly 
translation. The "soft" VRM component of the mid-Cretceous 
remanence indicates about 62 +/- 20° of clockwise rotation 
and Insignificant translation, while the "hard" or higher 
blocking, component of the remanence indicates about 75 +/- 
33° of clockwise rotation and about 7 +/- 21° of northerly 
translation. Although the cause of this rotation and 
translation is not certain, the most likely explanation is 
that it is associated with the tectonic formation of the 
Kootenay Arc.
The Eocene specimens Isolate a paleopole position that
115
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indicates no significant rotation or translation.
In conclusion the results of this paleomagnetic study 
indicate that the Kootenay Arc was a tectonlcally active area 
of the Canadian Cordillera during mid-Jurassic and 
mid-Cretaceous time. In Eocene time the arc had become 
tectonlcally stable and has remained so to the present time.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 2.3 Generalized geology map o f K ootenay A rc A rea (a fte r Lecla ir, 
1982). BB(E)=Bayonne Batholith East; BB(W)= Bayonne 
Batholith West; BP=Baldy Pluton; CB= Craw ford Bay Stock; 
FC=Fry Creek Batholith ; HC=Hidden Creek Stock; KB=
Kaniksu Batholith; LC =Lost Creek S tock; MC= Mount 
Carlyle S tock; MS= Mine Stock; NB=Nelson Batholith; 
PC=Porcupine Creek Stock; PP=Procter Pluton; PT=
Purcell Trench;; SC= Sheep Creek Stock; SH=Shaw Creek 
S tock; SL= Shoreline S tock; SO=Salmo Stock; SS=
Summit Stock;| WS=Wall S tock.
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